Moderate Success With Underplanting 1-0 Containerized White Pine Seedlings in Shelterwoods With Abundant, Uncontrolled Understory Vegetation by Livingston, Katherine
SUNY College of Environmental Science and Forestry 
Digital Commons @ ESF 
Dissertations and Theses 
Spring 1-8-2021 
Moderate Success With Underplanting 1-0 Containerized White 
Pine Seedlings in Shelterwoods With Abundant, Uncontrolled 
Understory Vegetation 
Katherine Livingston 
SUNY College of Environmental Science and Forestry, kcliving@syr.edu 
Follow this and additional works at: https://digitalcommons.esf.edu/etds 
 Part of the Forest Biology Commons 
Recommended Citation 
Livingston, Katherine, "Moderate Success With Underplanting 1-0 Containerized White Pine Seedlings in 
Shelterwoods With Abundant, Uncontrolled Understory Vegetation" (2021). Dissertations and Theses. 
213. 
https://digitalcommons.esf.edu/etds/213 
This Open Access Thesis is brought to you for free and open access by Digital Commons @ ESF. It has been 
accepted for inclusion in Dissertations and Theses by an authorized administrator of Digital Commons @ ESF. For 
more information, please contact digitalcommons@esf.edu, cjkoons@esf.edu. 
MODERATE SUCCESS WITH UNDERPLANTING 1-0 CONTAINERIZED 
WHITE PINE SEEDLINGS IN SHELTERWOODS WITH ABUNDANT, 











A thesis  
submitted in partial fulfillment  
of the requirements for the  
Master of Science Degree  
State University of New York  
College of Environmental Science and Forestry  
















Christopher A. Nowak, Major Professor 
Elizabeth Vidon, Chair, Examining Committee 
Christopher A. Nowak, Department Chair 
S. Scott Shannon, Dean, The Graduate School
ii 
Acknowledgements 
I first must thank my husband for his unwavering support, patience, and steady nature.  
I am also thankful to my family and the lifetime of encouragement and guidance they have 
provided me. 
I consider myself very fortunate to have had the opportunity to study and work under Dr. Nowak. 
I am very grateful to him for taking me on as a graduate student, challenging me, and helping me 
grow as a student and professional. 
I owe a huge thank you to my amazing field crew, Austin Lamica and Ryan Snow, and 
volunteers, Collin Bartholomew, Matthew Hecking, Nathanial Groves, and Samantha Oliveras-
Rivera. Field work often required early mornings, long drives, overnight trips, and endless 
Rubus; I appreciate all their hard work, stoicism, and humor. 
Thank you to Drs. Russ Briggs, Julia Burton, Greg McGee, and Elizabeth Vidon for serving on 
my committee and to Bruce Breitmeyer for his help securing accommodations for crew members 
during field work.  
Finally, I am thankful to former graduate students, Kelley Corbine and Quincey Oliver, for their 





Table of Contents 
Acknowledgements  .....................................................................................................................  ii 
Table of Contents  .......................................................................................................................  iii 
List of Tables  ................................................................................................................................ v 
List of Figures  .............................................................................................................................  vi 
List of Appendices ......................................................................................................................  vii 
Abstract  .....................................................................................................................................  viii 
Introduction ................................................................................................................................... 1 
     Study questions  ..................................................................................................................... 5 
Methods .......................................................................................................................................... 6 
     Study sites  ............................................................................................................................. 6 
     Experimental design ............................................................................................................... 7 
     Field measurements ................................................................................................................ 8 
     Statistical analyses  ................................................................................................................. 9 
Results .......................................................................................................................................... 12 
     Stand characteristics ............................................................................................................. 12 
     Seedling survival and growth  .............................................................................................. 13 
     Outliers in multivariate analysis  .......................................................................................... 14 
     Ordination - 2019 seedling response data  ........................................................................... 15 
     Ordination - Partial regression coefficients  ......................................................................... 16 
     Cluster analysis  ................................................................................................................... 16 
     MRPP analysis  .................................................................................................................... 17 
Discussion .................................................................................................................................... 18 
     Effects of site quality on seedling survival and growth  ...................................................... 18 
     Effects of RSD on seedling survival and growth  ................................................................ 19 
iv 
     Effects of scarification on seeding survival and growth  ..................................................... 20 
     Correlations among seedling response and environmental variables  .................................. 21 
     Study limitations and future research ................................................................................... 24 
Conclusion  .................................................................................................................................. 26 
Practical Implications  ................................................................................................................ 27 
Literature cited ........................................................................................................................... 44 















List of Tables 
Table 1. Overstory plot summaries  ..............................................................................................28 
Table 2. ANOVA results from tests of treatment effects on seedling survival and size ...............29 
Table 3. Mean seedling survival and size across treatments .........................................................30 
Table 4. ANOVA results: Effects of treatments on seedling height growth  ................................31 
Table 5. Means seedling height growth across treatments  ...........................................................32 
Table 6. ANOVA results: Effects of clustering on seedling survival and size  ............................33 
Table 7. ANOVA results: Effects of clustering on 2013 environmental conditions ....................34 
Table 8. ANOVA results: Effects of  clustering on 2019 environmental conditions ...................35 
















List of Figures 
Figure 1. Understory vegetation cover across sites ......................................................................37 
Figure 2. Average quadratic growth regression curves across treatments  ...................................38 
Figure 3. NMS ordination using seedling survival and size data  .................................................39 
Figure 4. NMS ordination using seedling height growth data  .....................................................40 
Figure 5. Cluster dendrogram reflecting group membership of subplots  ....................................41 
Figure 6. NMS ordination using seedling survival and growth with hierarchical clusters  ..........42 





















List of Appendices 
Appendix A. SAS software code and data – Sequential parameter estimation ............................49 
Appendix B. SAS software code and data – ANOVA using partial regression coefficients ........57 
Appendix C. SAS software code and data – ANOVA using 2019 seedling data  ....................... 59 
















K.C. Livingston. Moderate Success with Underplanting 1-0 Containerized White Pine Seedlings 
in Shelterwoods with Abundant, Uncontrolled, Understory Vegetation, 72 pages, 9 tables, 7 
figures, 2021. Chicago Manual of Style, 17th edition 
 
This study examined the six-year survival and growth response of underplanted 1-0 
containerized white pine seedlings to site quality, overstory density, and scarification treatments 
in four shelterwoods on a high- and low-quality site with abundant, untreated, understory 
vegetation in the Adirondacks. Overall survival was 57% and was similar between site and 
overstory treatments. Scarification treatment reduced survival ,which was 63.9% in unscarified 
subplots and 50.3% in scarified subplots. Average seedling height and diameter across all 
treatments was 110.0 cm (43.3 in) and 1.7 cm (0.7 in), respectively. While site quality and 
scarification treatment had no effect on seedling growth, seedlings in plots with 20% relative 
stand density (RSD) were faster growing than those in the 40% RSD plots. Seedlings in 20% 
RSD treatment plots were 54% taller and 77% larger in diameter than those in the 40% RSD 
plots. There was a negative relationship between understory vegetation cover, particularly fern 
and understory tree, and seedling survival and growth. Rubus cover was positively correlated 
with growth. These results suggest that moderate success can be achieved planting white pine 
seedlings in low-density shelterwoods with untreated understory vegetation on low- and high-
quality sites in the Adirondacks. 
 
Key words: Pinus strobus, Rubus, eastern white pine, regeneration, enrichment planting, 
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Foresters in the northeastern United States have been planting tree seedlings to secure forest 
regeneration for over a century. Although generally more expensive than natural methods, 
artificial regeneration has several advantages, including greater control over composition, 
location, and timing of regeneration (Nyland 2002). Foresters and landowners can also amend 
forests and increase species and/or genetic diversity by underplanting relatively few trees of 
desirable species in an existing forest; these efforts are referred to as enrichment planting (Helms 
1998; Smith et al. 1997). Researchers have theorized that forests with greater biodiversity are 
more resilient to biotic and abiotic disturbances and stressors, including those induced by climate 
change (Fischer et al. 2006; Thompson et al. 2009). Accordingly, improving forest resiliency has 
become increasingly important, resulting in heightened interest in using enrichment planting to 
mitigate the effects of climate change on forests (Thompson et al. 2009).  
Native to the northeastern United States and southern Canada, eastern white pine (Pinus strobus) 
might be a consummate species for enrichment planting projects within its range. As the largest 
conifer in the eastern United States, white pine is highly valued for the volume and quality of its 
timber. White pine also has high aesthetic value with its impressive stature and elegant form. In 
addition, it is an important wildlife tree, providing food and habitat for several species. In forests 
dominated by hardwoods, the year-round shelter that conifers like white pine provide is essential 
in helping many species survive harsh winter conditions. By reducing wind chill and snow depth, 
conifers help wildlife conserve energy, as food on the forest floor is more accessible and 
movement is easier (Smith et al. 1997). Finally, as gap opportunists, white pine has demonstrated 
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the capacity to regenerate in natural (and artificial) gaps in existing canopies which are often 
utilized in enrichment planting projects (Hibbs 1982; Abrams 2001; Kern et al. 2012).  
Climate models for the northeastern United States project a longer growing season, higher 
seasonal temperatures, increased evapotranspiration, decreased soil moisture, and more frequent 
droughts (Hayhoe et al. 2007; Rustad et al. 2012). In addition, forests may also become more 
vulnerable to non-native pests and pathogens (Rustad et al. 2012). Analysis of historical 
distribution during the early-mid Holocene period (10,000 – 6,000 years ago) found that white 
pine abundance was greater in climates that were drier and warmer than today (Jacobson and 
Dieffenbacher-Krall 1995). Due to its thick bark, white pine is moderately fire resistant (Wendel 
and Smith 1990). It is also tolerant of most soils and sites within its range, from dry sandy soils 
to poorly drained clay soils (Wendel and Smith 1990). Historical distribution data along with 
white pine tolerances suggest that the warmer, drier conditions predicted for New England and 
the Great Lakes states may favor this species (Jacobson and Dieffenbacher-Krall 1995). 
White pine is classified as intermediately shade tolerant, though shade tolerance varies with age. 
The slow-growing seedlings are more shade tolerant for the first 5 years, after which this 
tolerance decreases, and growth rapidly increases (Lancaster and Leak 1978). The most reliable 
method for natural white pine regeneration typically involves a two-cut shelterwood system. An 
initial partial removal of overstory trees creates space and increases the amount of light reaching 
the forest floor. Residual trees provide seed and protect seedlings from excessive soil 
temperatures and moisture loss through shading (Lancaster and Leak 1978). Partially shaded 
conditions also reduce susceptibility to white pine weevil (Pissodes strobi) attacks, as thicker 
sun-exposed terminals are more likely to be infected than the thinner terminals found on shaded 
seedlings (MacAloney 1930; Major et al. 2009; Ostry et al. 2010). While understory vegetation 
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may also provide some level of protection to seedlings from weevils, ideally, shelterwood 
conditions would suppress much of this vegetation, as it can quickly overtop seedlings and 
prevent successful establishment (Wendel and Smith 1990).  
Interfering plants compete with seedlings for light, water, nutrients, and space. Some of the 
common plants that interfere with white pine regeneration include: red maple (Acer rubrum), 
striped maple (Acer pensylvanicum), pin cherry (Prunus pensylvanica), American beech (Fagus 
grandifolia), raspberry (Rubus idaeus), and multiple ferns, including bracken (Pteridium 
aquilinum), hayscented (Dennstaedtia punctilobula), and New York (Thelypteris 
noveboracensis) (Walstad and Kuch 1987). Although not all forest types and conditions warrant 
vegetation control, conifers are particularly vulnerable; interfering plants can slow regeneration 
and growth of conifer seedlings (Nyland 2002). Failure to identify and treat vegetation that 
competes excessively with seedlings can result in planting failure or prolonged rotation, both of 
which result in wasted time and money (Walstad and Kuch 1987). This is particularly true of 
high-quality sites where hardwoods are likely to outcompete white pine, making managing white 
pine on these sites more difficult and expensive (Lancaster and Leak 1978). Therefore, white 
pine management has been largely relegated to lesser-quality sites where regeneration is more 
successful and controlling hardwoods and other competing vegetation might therefore be less 
necessary or intensive (Lancaster and Leak 1978; Wendel and Smith 1990).  
An integral part of prescribing an effective silvicultural system necessitates identifying if (and 
when) treatment of interfering vegetation will be required for regeneration to be successful 
(Walstad and Kuch 1987, Nyland 2002). These early treatments, collectively referred to as site 
preparation, are typically mechanical and/or chemical (Walstad and Kuch 1987). Preparing sites 
mechanically commonly involves the use of large machines to break or uproot vegetation and 
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expose mineral soil (i.e. scarification) (Walstad and Kuch 1987; Burgess et al. 1999). While 
mechanical treatments can effectively reduce understory vegetation, these methods can be 
expensive and damaging to forest soils, and often require subsequent herbicide treatments to 
control stump sprouting (Walstad and Kuch 1987). The use of herbicides has proven to be a 
relatively inexpensive and highly effective means of treating interfering vegetation, however, 
due to the risk of exposure to operators and perceived environmental risks, herbicide use has 
become more controversial (Walstad and Kuch 1987; Wagner and Zasada 1991). 
In response to the public’s growing concerns over the use of herbicides, the methods used to 
control forest vegetation have evolved and expanded over the last few decades. Integrated forest 
vegetation management (IFVM) focuses on reducing or preventing the establishment of 
interfering vegetation, rather than on its removal (Wagner and Zasada 1991; Wagner 1994). 
Using IFVM, managers prescribe and modify silvicultural prescriptions according to current 
knowledge of the tolerances, growth habits, reproductive strategies, disturbance responses, and 
competitive effects of interfering vegetation (Wagner and Zasada 1991; Wagner 1994). IFVM 
may also help managers find creative solutions for meeting the objectives of landowners who 
don’t want, or are unable to afford, traditional site preparation. 
While it is evident in the literature that underplanted white pine requires understory conditions 
relatively clear of interfering plants, it is often the case that non-industrial private landowners are 
either unwilling or unable to invest in control methods. Although it is assumed that on most sites 
white pine plantings will fail in dense understory conditions, there is some research suggesting 
understory vegetation can be beneficial and may indirectly facilitate survival and growth. After a 
disturbance, rapidly growing understory vegetation can help reduce nutrient loss, soil erosion, 
soil moisture loss, damaging temperatures, and browse (Walstad and Kuch 1987; Buckley et al. 
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1996). For instance, there are a number of examples of Rubus cover providing physical barriers 
to animal browse, thereby indirectly facilitating survival and growth of seedlings (Paquette et al. 
2006; Harmer et al. 2010; Truax et al. 2018). Research has also found that white pine seedling 
survival was greater when shaded by shrubs, suggesting that benefits such as higher humidity, 
and lower soil and air temperature might be facilitating survival of white pine seedlings 
(Montgomery et al. 2010).  
A combination of structured field experimentation with univariate analysis and an observation 
study with multivariate analysis was used to test the effects of site quality, overstory density and 
understory treatment, and to relate the type and abundance of understory vegetation to seedling 
survival and growth. This study indicates moderate success can be achieved planting 1-0 
containerized white pine seedlings in untreated understories in the Adirondacks, regardless of 
site quality. Results also suggest that Rubus may be facilitating growth of the seedlings in these 
systems.  
As part of an ongoing study of white pine regeneration in shelterwoods in the Adirondacks, this 
research follows two prior studies conducted by former graduate students: Quincey Oliver and 
Kelley Corbine. Quincey and Kelley provided data on initial understory and overstory conditions 
as well as annual seeding height data through year three. Combining these data with seedling, 
understory vegetation cover, and overstory data collected in 2019 provided an opportunity to 
study the height growth of seedlings over time and the relationship between seedling success and 
initial and current understory and overstory conditions. 
Study questions 
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 What are the effects of site quality, relative stand density, and scarification on the 
survival, size, and growth of underplanted 1-0 containerized white pine seedlings, six 
years after planting in shelterwood seed cuts in the Adirondacks? 
 How do environmental conditions (i.e., type and abundance of untreated understory 




The study was conducted in the Adirondack Park in two stands located on the Huntington 
Wildlife Forest (HWF) in Newcomb, NY (43°58'07.0"N, 74°12'41.0"W; elevation ~502 m), and 
the Charles Lathrop Pack Demonstration Forest (PACK) in Warrensburg, NY (43°32'36.4"N 
73°49'11.7"W; elevation ~ 237 m).  
Positioned at the base of Goodnow Mountain, HWF was a high-quality site for white pine (site 
index of 82) (Germain et al. 2016) Drainage at HWF ranged from somewhat poorly- to well- 
drained, with loamy to find sandy loam soils comprised of a Skerry-Adirondack complex with a 
small Becket-Tunbridge component (Soil Survey Staff n.d.). The 4.9 ha (12 ac) stand was a 
white pine plantation established in 1916 with 2-2 seedlings, planted at 1.8 m x 1.8 m (6 ft x 6 ft) 
spacing (Oliver 2015). A pre-commercial thinning was conducted in 1939 followed by six 
commercial thinnings from 1941 to 1982, including a sanitation cut to remove trees infected with 
white pine blister rust (Cronartium ribicola) in 1982 (Oliver 2015). Based on 30-year climate 
normals (1981 to 2010), average air temperature at HWF ranges between -0.8 and 10.2°C (30.6- 
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50.4°F), and average annual precipitation is 1086.9 mm (42.8 in) (Arguez et al. 2010a). Weather 
data was provided by NOAA from a weather station located in Newcomb, NY, During the study 
period (from 2013 to 2019), average annual air temperature ranged from -1.2 to 11.0°C (35.6 - 
57.2°F) and average annual precipitation was 1097.3 mm (43.2 in) (Menne et al. 2012a). 
With excessively well-drained Hinckley cobbly sandy loam soils, PACK was a low-quality site 
for white pine (site index of 52) (Germain et al. 2016). Soils were excessively well drained 
Hinckley cobbly sandy loam (Soil Survey Staff n.d.). The 3.2 ha (8 ac) stand at PACK was two-
aged, dominated by naturally occurring 102-year-old white pine and ~60-year-old eastern 
hemlock (Tsuga canadensis) (Germain et al. 2016). Forestry students performed pruning 
operations in the stand between 1938 and 1954 and ten partial thinnings were carried out 
between 1941 and 1973, including a light sanitation cut to control white pine blister rust in 1941 
and a shelterwood regeneration cut in 1954 (Oliver 2015). NOAA weather data for PACK was 
gathered from weather data recorded at Glen Falls Airport. Thirty-year climate normals (1981 to 
2010) indicate average annual air temperature at PACK ranges from 0.8 to 13.5°C (33.4-56.3°F) 
and the area receives 992.1 mm (39.1 in) of average precipitation annually (Arguez et al. 2010b). 
Over the course of this study, average air temperature was between 2.0 and 14.0°C (29.8-51.8°F) 
and average annual precipitation was 923.8 mm (36.4 in) (Menne et al. 2012b). 
Experimental design 
The study design was split-split plot with two replications. At each site, a 3.2 ha (8 ac) area was 
split into two plots approximately 1.6 ha (4 ac) in size. Shelterwood seed cuts were applied in 
2012 to reduce the relative stand density (RSD) to 20% and 40% in each plot, respectively 
(overstory treatment) (Oliver 2015). Twelve subplots, 18.3 m x 18.3 m (60 ft x 60 ft) in size, 
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were established within each plot, and randomly selected to be planted, seeded, or to function as 
controls (4 subplots each) (Oliver 2015). Only the 16 planted subplots were included in this 
study, and they will be discussed further. Using a planting bar, 36 seedlings were planted at 3.7 
m x 3.7 m (12 ft x 12 ft) spacing within each subplot in the spring of 2013 (Corbine 2017). The 
1-0 seedlings were grown in Jiffy Peat Pellets surrounded by a soft mesh netting from locally 
sourced seeds collected from a white pine located at the Saratoga Tree Nursery in Saratoga, NY 
(Corbine 2017). At the time of planting, spot scarification (understory treatment, whereby the 
soil around each planting spot was tilled using a garden claw) was applied to two randomly 
selected subplots within each plot (Corbine 2017). These 16 planted subplots were the 
experimental units in this study design.  
Field measurements 
Seedling height was measured in the summers of 2013 through 2015, and 2019, to the height of 
the terminal bud. Initial and 2018 heights were estimated by subtracting the terminal shoot 
length, measured in 2013 and 2019 respectively, from the height measurements taken in those 
years. In 2019, seedling diameter was measured just above the root collar (or at ground level if 
the root collar was not exposed), using a digital caliper. Individual seedling height and diameter 
measurements were then averaged for each subplot. Heights of surviving seedlings were also 
summed in each subplot to calculate cumulative height. Damaged seedlings, i.e. seedlings with 
zero or negative growth recorded in any year, were excluded from average and cumulative 
calculations. This exclusion was justified in order to reduce the possibility that variation in 
seedling size was caused by damaging agents, as opposed to resulting from treatment effects. In 
total, 19 damaged seedlings were removed: 12 from HWF and 7 from PACK.  
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Initial and current understory conditions in each subplot were measured in the summers of 2013 
and 2019. In 2013, understory vegetation and slash were estimated using 30.5 cm (1ft) radius 
plots centered around each seedling spot (Oliver 2015). Vegetation was classified by lifeform 
(moss, grass, forb, fern, Rubus, shrub, or tree) and the percentage of the area covered by each 
lifeform and slash were estimated to nearest percent (Oliver 2015). These data were then 
averaged to produce subplot-level estimates of cover. In 2019, the percentage of understory 
vegetation and coarse woody debris (CWD) cover were estimated to nearest percent using 1.8 m 
(6 ft) radius plots at the center of each subplot. In addition to classifying vegetation by lifeform 
(moss, grass, forb, fern, Rubus, shrub, or tree), Rubus species were subclassified as raspberry 
(Rubus idaeus and Rubus occidentalis) or blackberry (Rubus allegheniensis) and ferns were 
identified to species. Percent cover was estimated by height classes: < 0.9 m (3 ft), 0.9 m-1.8 m 
(3-6 ft), and > 1.8 m (6 ft); these data were later reduced by using only the height class with the 
highest percentage of cover to represent each cover type’s presence (i.e. CWD, lifeform, Rubus 
subgroup, fern species) in the system. 
In 2014 and 2019, variable radius plots, using a BAF 10 prism at subplot centers, were used to 
conduct overstory inventory in all seeded and planted subplots. Species and diameter at breast 
height (DBH) were recorded and whole-plot summary data was calculated to describe plot-level 
characteristics. Using the point sampling method, trees expressing control over the light 
environment within subplots were accounted for, regardless of whether the stem was within the 
subplot boundary or not. 
Statistical analyses  
The following equation was used to calculate RSD of white pine in whole-plots (Seymour 2007).  
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                           RSD = (BA/(261.15*(log10(QMD))-22.68))*100                             [1] 
where  RSD is relative stand density (%), BA is average basal area (ft2/ac), and QMD is the 
quadratic mean diameter (in). 
 
Whole-plot RSD was calculated for all other species using the following equation (Stout 1990): 
 
         RSD = ((0.282072217-0.07296684*(QMD)+ 0.007076552*(QMD2))*100     [2] 
where  RSD is relative stand density (%), BA is basal area (ft2/ac), and QMD is the quadratic 
mean diameter (in). RSD was calculated for individual trees and added together for plot-level 
estimates of RSD. 
 
Plot level RSD of non-white pine species were added to white pine RSD to calculate RSD of all 
species within plots.  
A repeated measures analysis was performed to compare treatment effects on seedling height 
over time. Ordinary least-squares regression, with sequential parameter estimation, was used to 
fit a quadratic model [3] to subplot level seedling height data from 2012 through 2015, 2018, and 
2019.  
                                             Y = β0 + β1 X + β2 X2 + ε                                            [3] 
where Y is seedling height, X is years since planting, β0, β1, and β2 are regression 
coefficients to be estimated, and ε is the model random error term. 
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The resulting partial regression estimates provided independent measures of mean height (β0), 
the linear trend in height growth (β1), and the rate of increasing/decreasing growth (β2) over time 
(Meredith and Stehman 1991; Nowak 1993). 
Univariate analysis of variance (ANOVA) tests, using the mixed procedure, were conducted to 
test the effects of site, overstory and understory treatment, and their interactions on: (1) percent 
survival, average height, and cumulative height of seedlings in 2019, or (2) the β0 , β1, and β2 
partial regression coefficients, described above. All univariate analyses were performed using 
SAS software version 9.4. An alpha level of 0.10 was used to interpret statistically significant 
results. Duncan’s multiple range test was used for means separation. 
Non-parametric multidimensional scaling (NMS) ordination was performed, using PC-ORD 
version 7, to identify patterns of seedling response, and to infer relationships between response 
patterns and environmental variables (Kruskal 1964). Sorensen distance measure, which does not 
assume normality, was used for all multivariate analyses (Peck 2016). In two separate 
ordinations, seedling response variables used were: (1) percent survival, average height, and 
cumulative height of seedlings in 2019, or (2) the β0 , β1, and β2 partial regression coefficients. 
Average diameter was highly correlated with average height (r = 0.938, p = <0.0001) and was 
therefore excluded from the 2019 response variable dataset. Prior to ordination, response 
variables were standardized using “relativization by maximum”, and outlier analysis was 
performed. The most suitable level of dimensionality (k, number of axes) necessary to capture 
the variation in these data was determined using “autopilot”, and five manual runs were 
subsequently performed using this chosen level. The run with the lowest stress, i.e. best fit, was 
selected for interpretation. An overlay of environmental variables (i.e. BA in 2014 and 2019, and 
vegetation cover in 2013 and 2019) was used to identify correlations among environmental 
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variable and seedling response. Pearson’s correlation coefficients (r) were used to identify the 
strength and direction of response gradients along each axis in the resulting ordination, and to 
infer possible associations among environmental and response variables. 
Hierarchical cluster analysis was performed to identify groups of subplots that varied similarly in 
seedling survival, average height, and cumulative height in 2019. A group average method was 
used in this analysis, as it was compatible with Sorensen distance measure, and was not 
dependent on sample size (Peck 2016). Group membership was determined using the resulting 
cluster dendrogram and univariate ANOVA tests were performed to assess differences in (1) 
2019 seedling response, (2) BA in 2014 and 2019, and (3) vegetation cover in 2013 and 2019 
among clusters. 
Similar to ANOVA, multi-response permutation procedure (MRPP) can be used to test 
significant differences between groups, using distances rather than variance to calculate the p-
value (Peck 2016). In this study, MRPP was used to test differences in seedling response 
between site, overstory, and understory treatments using (1) the survival, average height, and 
cumulative height in 2019 data and (2) the β0 , β1, and β2 partial regression coefficients reflecting 
height growth between 2013 and 2019. Although redundant with ANOVA, MRPP was 
performed to alleviate concerns over possible violations of ANOVA assumptions, as it is a non-




Table 1 summarizes overstory characteristics for overstory treatment plots at each site in 2014 
and 2019, two and six years after treatment. Although white pine accounted for nearly all relative 
density, species composition varied predictably between sites, as a result of stand history and site 
quality. At HWF, other species included hardwoods such as yellow birch, American beech, and 
striped maple, while eastern hemlock accounted for all other species at PACK. 
Understory vegetation cover in 2013 and 2019 was 20.1% and 58.4%, respectively, at HWF and 
26.3% and 40.6%, respectively, at PACK (see Figure 1). Understory tree, Rubus, and fern were 
the dominant lifeforms in 2019. The most abundant species were red maple, striped maple, white 
ash (Fraxinus americana), red raspberry, blackcap raspberry (Rubus occidentalis), blackberry 
(Rubus allegheniensis), New York fern, bracken fern, and spinulose wood fern (Dryopteris 
carthusiana). Although the percentage of understory tree cover was similar, species composition 
varied between sites. Nearly all understory trees at HWF were hardwoods (including striped 
maple which accounted for 39% of all species), while naturally occurring white pine accounted 
for 61% of understory tree species at PACK. Ferns were present in 100% of subplots at HWF 
and 37.5% of subplots at PACK. The most abundant fern species at HWF were NY fern, which 
provided the greatest cover, and spinulose wood fern, which were the most frequently observed. 
Bracken fern accounted for nearly all fern cover at PACK, though it was only found in a single 
subplot. Raspberry was found in 87.5% of subplots at both sites. Blackberry was observed in 
87.5% of subplots at PACK and in a single subplot at HWF. 
Seedling survival and growth 
Seedling survival after the first growing season was 95% overall. In 2019, total seedling survival 
was 57%, and was similar between sites and overstory treatments (see Tables 2 and 3). An 
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understory treatment effect, however, resulted in significantly higher survival in unscarified 
(63.9%) than in scarified (50.3%) subplots. 
At time of planting, individual seedling height ranged from 2.4 to 12.5 cm (0.9 to 4.9 in). 
Average height was 6.7 cm (2.6 in) and was similar among treatments. In 2019, average seedling 
height and diameter across all sites and treatments was 110.0 cm (43.3 in) and 1.7 cm (0.7 in), 
respectively. While site and understory treatment had no observable effect on seedling size in 
2019, an overstory treatment effect resulted in 54% taller and 77% larger diameter seedlings in 
the 20% than the 40% RSD plots. Similarly, site and understory treatments had no significant 
effect on height growth between 2013 and 2019 (see Tables 4 and 5, and Figure 2). Overstory 
treatment had a significant effect on average and linear growth (β0 and β1, respectively), which 
were greater in the 20% RSD plots. 
Key results: (1) Scarification increased seedling mortality, (2) seedling in the 20% RSD 
treatment plots were significantly taller and larger in diameter than seedlings in the 40% RSD 
plots in 2019, and (3) seedlings in the 20% RSD treatment plots were grew faster between 2013 
and 2019 than those in the 40% RSD plots. 
Outliers in multivariate analyses  
Two subplots in the 40% RSD plot at HWF were identified as outliers during NMS ordination 
and cluster analysis. Both subplots had low seedling survival and size which resulted in their 
cumulative heights being an order of magnitude lower than all others in the study. In addition to 
having high percentages of total understory vegetation cover, including high fern and understory 
tree cover, both subplots had the highest BA at HWF in 2014 and 2019. A rough estimate of 
shade, inferred by combining BA with total understory vegetation cover, suggested that both 
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subplots experienced the greatest amount of shading at HWF in 2013 (based on 2014 BA) and 
2019. 
Multivariate analyses were conducted with and without outliers and compared. Although MRPP 
results were similar, outliers had excessive influence over ordination and clustering of data. Due 
to their excessive influence, both outliers were removed from multivariate analyses. 
Ordination – 2019 seedling response data 
NMS ordination of the 2019 seedling data yielded a 2-dimensional solution with a final stress of 
2.38126 (see Figure 3). Ordination accounted for 98.5% of the variation in the data, 51.5% of 
which was explained by axis 1 and 46.7% by axis 2. All response variables reflected strong 
positive trends on axis 1, however, cumulative height correlated more strongly (r = 0.958), and 
therefore had the greatest influence. Axis 2 reflected a strong negative trend in percent survival (r 
= -0.812) and a weaker positive trend in average height (r = 0.669). A vector overlay of response 
and environmental variables reflected variables that were highly correlated (r  0.450) with at 
least one ordination axis. However, the position of vectors within the ordination space reflect 
correlations with both axes, which might include weak associations. BA in 2014 (BA_14) and 
2019 (BA_19) were negatively correlated with axis 2 (r = -0.699 and -0.519, respectively), which 
suggested that higher BA was related to higher survival and reduced size. Early fern (Fern_13) 
and total vegetation (TtlVeg_13) cover, which were positively correlated with axis 2 (r = 0.554 
and 0.538, respectively), appeared to have been associated with lower survival. Greater fern 
(Fern_19) and total vegetation (TtlVeg_19) cover in 2019 were negatively correlated with axis 1 
(r = -0.691 and -0.526, respectively), which indicated that higher percentages of either were 
related to lower survival and size. Blackberry cover in 2019 (Bberry_19) was positively 
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correlated with axis 2 (r = 0.471) which suggested that greater blackberry cover was related to 
increased size. 
Key results: (1) Higher BA was related to increased survival, (2) greater initial fern cover and 
total vegetation cover were related to higher mortality, (3) greater fern and total vegetation cover 
in 2019 were related to reduced survival and size, and (4) blackberry cover was related to 
increased size. 
Ordination – partial regression coefficients 
NMS ordination of the partial regression coefficient data yielded a 1-dimensional solution with a 
final stress of 0.06805. Ordination accounted for 98.5% of the variation in the data, explained by 
the single axis. Average (β0), linear (β1), and quadratic (β1) height growth all reflected strong 
positive trends along this axis, with average height growth having the strongest influence (r = 
0.973) (see Figure 4). Greater understory tree cover in 2013 (Tree_13) and 2019 (Tree_19) were 
negatively correlated with height growth (r = 0.519 and 0.487, respectively). Positive 
correlations of Rubus cover in 2013 (Rubus_13) and blackberry in 2019 were associated with 
increased height growth. 
Key results: (1) Greater understory tree cover was related to slower height growth, and (2) a 
higher percentage of Rubus cover, specifically blackberry, was related to increased height 
growth. 
Cluster analysis 
Cluster analysis resulted in three distinct clusters, grouped based on similarities in seedling 
survival and height in 2019 (see Figures 5 and 6). Results from ANOVA analysis testing the 
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effects of clustering on environmental variables were similar to ordination results (see Tables 6 
through 8). Cluster A had the greatest fern and total vegetation cover in 2013, representing 
subplots with moderate seedling height and significantly lower survival than Clusters B and C, 
supporting previous assessments that greater fern cover was related to reduced survival. Average 
BA in 2014 and 2019 were highest in Cluster B, which represented subplots with high average 
survival and significantly lower average height than Clusters A and C; this concurs with the 
inference that higher BA was related to greater seedling survival. Cluster C had the lowest 
understory tree cover in 2013 (though not significantly different from Cluster A) and vegetation 
cover in 2019; Cluster C was comprised of subplots with high survival and height, resulting in 
significantly higher cumulative height than Clusters A and B. This supports prior results that 
suggest higher percentages of either was related to a reduction in both survival, size, and growth. 
Key results: (1) Average survival was lowest in Cluster A, (2) average height was lowest in 
Cluster B, (3) average cumulative height was greatest in Cluster C, (4) higher BA was related to 
greater seedling survival (5) greater understory tree cover and total vegetation cover in 2019 was 
related to lower survival and growth, and (6) initial fern and total vegetation cover was related to 
a reduction in survival. 
MRPP analysis 
The positioning of treatment clusters in the ordination space illustrated in Figure 7 were based on 
2019 seedling response data, reflecting similarities and differences between treatments supported 
by MRPP analysis. Similar to univariate analysis, MRPP found no significant differences in the 
pattern of growth and survival between site and understory treatments (see Table 9). Height and 
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survival in 2019 and height growth from 2013 to 2019 differed significantly between overstory 
treatments (p = 0.07 and 0.04, respectively). 
Key results: (1) Site quality and scarification treatment had no significant effect on survival and 
average height in 2019 nor on height growth between 2013 and 2019, and (2) the effects of 
overstory treatments resulted in significant differences in height and survival in 2019, and height 
growth from 2013 to 2019. 
Discussion 
Effects of site quality on seedling survival and growth 
There was no discernable effect of site quality on seedling survival and growth in 2019. 
However, an earlier study found seedlings at PACK were significantly larger than those at HWF 
in 2015 (Corbine 2017). Corbine (2017) reasonably suggested that differences in seedling size 
between sites likely reflected a greater propensity for seedlings to outcompete understory 
vegetation on the lower quality site. However, if this was solely an effect of competitive ability, 
it seems likely that similar results would have been observed in this study, especially considering 
that understory vegetation cover at HWF increased considerably over time and surpassed that at 
PACK sometime between the 2015 and 2019 growing seasons. The Stress Gradient Hypothesis, 
which states that facilitative interactions are more significant in plant communities under higher 
stress, while competitive interactions are more significant under lower stress, may explain these 
early site results (Bertness and Callaway 1994; Maestre et al. 2009). Seedlings at PACK may 
have been experiencing higher stress due to the lower site quality, in which case the benefits of 
understory vegetation, such as higher soil moisture from shading, might have been more 
important than the negative interactions. Facilitation may also have been a short-term effect; a 
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study of planted white pine seedlings of varying size found that a reduction in stress, associated 
with vapor pressure deficit, was greater for smaller seedlings and decrease with seedling size 
(Wright et al. 2014). Pitt et al. (2011) found that growth of planted white pine increased with 
vegetation removal treatments in the first 2-4 years, however, removal treatments that continued 
into year six did not result in larger seedlings compared to controls. In this study, 64.4% at of 
total vegetation cover and 90.7% of non-tree vegetation cover was less than 0.9 m (3ft) in height. 
In year six, 59.7% of seedlings in this study were greater than 0.9 m (3ft) in height. Although the 
competitive effects of understory vegetation were still evident, it appears that seedlings at both 
sites are outgrowing much of this vegetation. 
Over time, as seedlings continue to outgrow understory vegetation, significant differences in 
growth between the sites are more likely to reflect direct effects of site quality. Prior to the 
harvest in 2012, quadratic stand diameter (QSD) at HWF was 53 cm (21 in) and average 
merchantable height was 37.5 m (123 ft) (Germain et al. 2016). At PACK, QSD was 33 cm (13 
in) and average merchantable height was 25 m (82 ft) (Germain et al. 2016). Although 
differences in management history likely contributed to variation in tree size, it is reasonable to 
expect that the lower site-quality at PACK will limit growth in the future, while the higher 
quality site at HWF will likely retain the capacity to support rapid future growth. 
Effects of RSD on seedling survival and growth 
Relative stand density had no effect on seedling survival in this study, which was similar 
between the 20% and 40% RSD plots. Montgomery et al. (2013) also reported no difference in 
the survival of underplanted white pine resulting from variation in residual BA following 
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overstory treatments. This likely reflects the higher shade tolerance of the young white pine 
seedling. 
Overstory treatment had consistent effect on seedling growth and size with lower RSD resulting 
in greater seedling growth. Although quadratic growth (β2) was not significantly different 
between overstory treatments (p=0.13), this does suggest that seedlings in the 20% RSD plots 
may continue to outgrow seedlings in the 40% RSD plots at an increasing rate. Similar studies 
have also reported negative relationships between overstory density and the size of underplanted 
white pine seedling (Krueger and Puettmann 2004; Boucher et al. 2007; Truax et al. 2018). Two 
successive studies of underplanted white pine seedlings found that seedlings were significantly 
taller in thinned plots compared to unthinned control plots (BA/ha similar to 40% RSD treatment 
plots in this study), most notably in the one-crown thinned plots (BA/ha similar to 20% RSD 
treatment plots in this study) (Wetzel and Burgess 2001). It appears that the 20% RSD treatment 
provides both adequate light and protection to planted white pine seedlings.  
Effects of scarification on seedling survival and growth 
The spot scarification treatment used in this study reduced seedling survival. Corbine (2017) also 
reported lower seedling survival with scarification treatment (p = 0.15). Contradictory results 
from a similar study indicated that blade scarification treatment improved the survival of 
underplanted white pine seedlings (Burgess et al. 1995). These conflicting results might reflect 
differences in scarification methods and intensities. 
There was no observable effect of scarification on seedling growth in this study, however, 
similar studies have reported increases in vegetation cover following scarification treatment. 
Boucher et al. (2007) also reported no effect of scarification treatment on the growth of planted 
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2-0 containerized white pine seedlings in thinned stands (one and two-crown spacing) after three 
growing seasons. They did, however, find that density of competing shrubs increased with 
scarification (Boucher et al. 2007). Burgess and Wetzel (2000) reported that scarification 
increased the shoot mass of underplanted white pine, only when combined with brush control 
treatment. This absences of a scarification treatment effect on planted seedlings suggest that it 
may not be necessary or effective, particularly in the absence of additional understory control 
treatments. This may be the result of exposing mineral soils at seedling spot, which may have 
improved seed and spore germination of competing vegetation in those areas.   
Although belowground effects were not a part of this study, it is interesting to note that several 
studies reported increased root growth resulting from scarification treatment. Burgess and Wetzel 
(2000) found that scarification increased soil temperatures and induced greater root growth in 
seedlings. A greenhouse study of the effects of light availability and soil temperature on white 
pine seedling growth also found increased root growth resulting from warmer soils, particularly 
with greater light availability (Boucher et al. 2001). Although increase growth has been 
attributed to warmer soils, silviculture treatments that increase light and soil temperature might 
also result in drought stress, which can reduce growth. Burgess and Wetzel (2000) reported that 
scarification increased the number of drought stress days in plots with the lowest canopy density 
(2-crown thinning), as well as in the 1-crown density thinned stand when combined with brush 
control (Burgess and Wetzel 2000). Mitigating drought stress, particularly in areas where climate 
change is projected to induce or exacerbate drought, should be a major consideration guiding 
silvicultural decisions.  
Correlations among seedling response and environmental variables 
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Anecdotally, we were surprised by the heavily shaded conditions in which many seedlings were 
found, especially at HWF where understory vegetation was often dense. Regardless of having 
been mostly or entirely covered by understory vegetation, most surviving seedlings were healthy 
and seemingly thriving. Boucher et al. (1998) found that white pine seedlings planted in a 
clearcut had the capacity to acclimate to the low-light conditions within plots with dense 
understory vegetation cover, and achieved rapid growth once released. Although this study 
indicated that several lifeforms had negative effects on seedling success, seedlings appeared to 
have been able to withstand dense understory cover when provided adequate canopy openness. 
Basal area of surrounding trees correlated positively with seedling survival. This relationship 
was unexpected as ANOVA tests of RSD treatment on seedling survival resulted in no difference 
between overstory treatment. It is likely these conflicting results are due in part to the removal of 
outliers, both of which had high BA and low survival. Although BA was not strongly correlated 
with seedling height growth between 2013 and 2019, cluster analysis indicated that subplots with 
the highest average BA had significantly lower average seedling height. These results are similar 
to overstory effects from ANOVA tests. 
As anticipated, there was a negative relationship between total vegetation cover and seedling 
survival and growth. Pitt et al. (2011) reported that early herbaceous and woody plant control 
treatments resulted in larger seedlings and that these effects were still apparent 10 years after 
planting. Burgess and Wetzel (2002) also reported that seedling growth rate increased with a 
higher degree of canopy openness and understory brush control (Burgess and Wetzel 2002). 
Understory trees are particularly concerning as competition with seedlings can persist and 
increase in severity over time. In this study, understory tree cover was negatively correlated with 
seedling height growth between 2013 and 2019. Parker et al. (2012) found that the average 
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height of planted white pine seedlings was significantly greater with woody vegetation control. 
They also found that seedlings were emerging from the herbaceous understory after three 
growing seasons, whereas woody vegetation was much taller and provided greater shade cover 
throughout all four growing seasons in the study (Parker et al. 2012). Cluster analysis highlighted 
three subplots (Cluster C) where seedlings were most successful and initial understory tree cover 
and total vegetation cover in 2019 were lowest. Given that these understory conditions are 
similar to what would be expected had herbicide treatment been applied before planting, these 
results suggest that underplanting in these systems could have been more successful if herbicides 
had been used. 
While early fern cover was associated with lower survival, later fern cover was associated with 
both lower survival and, to a lesser extent, size. In understories dominated by grass and fern, 
Bowersox and McCormick (1987) found that fern cover reduced survival of planted white pine 
seedlings. However, while herbicide treatments increased survival, they found no effect on 
seedling growth (Bowersox and McCormick 1987). In a clearcut environment dominated by 
grass and fern, herbicide treatment had no effect on the survival of planted 2-0 bare-root white 
pine seedlings, though a small growth response was observed as seedling height increased from 
1.0 m in uncontrolled plots to 1.2 m in treated plots four years after treatment (McCormick and 
Bowersox 1997). While initial growth of planted white pine under fern cover was slow in 
thinned pine stands, growth rate reportedly increased over time and seedlings successfully grew 
above the fern cover by year six (De La Cretaz and Kelty 2002). The authors suggested that 
when light availability is high, carbohydrates produced from photosynthesis early in the growing 
season might sustain white pine growth under dense fern cover (De La Cretaz and Kelty 2002).  
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The facilitation effects of Rubus cover on seedlings suggested in this study, are likely indirect, 
and may have been the results of similarities in light requirements, or the inhibitive effects of 
Rubus on white pine competitors. The target relative photosynthetically active radiation (PAR) 
for regenerating white pine in shelterwoods is between 40 and 50% (Wetzel and Burgess 2001). 
Rubus cover has also been found in greatest abundance at sites with 40-50% relative PAR 
(Gaudio et al. 2008). As initial Rubus cover was associated with greater height growth, the 
development of Rubus patches after a disturbance might indicate adequate planting sites. Rubus 
has also been reported to outgrow ferns and may exclude fern and grass through excessive 
shading (Horsley and Marquis 1983). In addition, Rubus has been found to be problematic for 
several competing tree species, primarily shade intolerant hardwoods (Bashant et al. 2005; 
Donoso and Nyland 2006; Roberts and Dong 1993).  
Finally, the small size of the seedlings planted in this study warrants reflection. At planting, the 
1-year-old seedlings were 6.66 cm (2.62 in) tall, on average. Despite an absence of understory 
vegetation control, planting was moderately successful at both sites. Although prices vary based 
on quantity and stocking, generally, the cost of seedlings increases with age, as nurseries invest 
more time, space, and resources in older seedlings. The moderate success observed in this study 
using very small, young seedlings demonstrates their suitability for regeneration and/or 
enrichment projects, while relationships among seedling response and understory conditions 
suggests that seedling survival and growth could be improved by employing a more targeted 
approach to planting and avoiding precarious planting sites. 
Study limitations and future research 
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HWF and PACK represented low- and high-quality white pine stands, respectively. However, 
having not replicated site quality, these results had low statistical power that limited the capacity 
for generalized results across areas in the Adirondacks outside of these study sites. This also 
might have contributed to some of the conflicting results between this study and similar works. 
Future research could look to expand on this work by including more high- and low-quality 
white pine sites. 
Two environmental variables were notably absent in this study: relative PAR and soil moisture. 
RSD, BA, and the percentage of understory vegetation cover were used in lieu of PAR to infer 
the amount of available light reaching seedlings. In addition to providing an exact measure of 
available light, definitive measure of PAR in future studies could be used to compare with PAR 
data from similar studies. In addition, as shade from overstory and understory cover can reduce 
soil moisture loss, a measure of soil moisture could help us understand how treatments effected 
soil moisture which may explain some of the possible facilitation effects observed in this study. 
Multivariate analyses identified relationships among seedling survival, size and growth, and 
understory vegetation. The correlation between Rubus cover and seedling size and growth was 
particularly interesting and warrants further study. An experiment could be designed to test the 
aboveground effects of blackberry and raspberry on seedling growth by manually removing 
either species in randomly selected plots (or neither as a control). In addition to seedling growth, 
researchers could measure PAR at seedling height and compare PAR among treatments. 
Finally, there is an important distinction between the Adirondack Park and the rest of NY State: 
deer density. High deer population and associated browse can derail regeneration projects. 
Although much of NY State is densely populated, deer density is relatively low in the 
26 
Adirondack Park. Accordingly, deer impact was assumed to be low in the study areas. 
Observations during data collection supported this assumption, as no obvious deer signs, 
including prints, scat and beds, were observed. In addition, the abundance of Rubus and 
hardwood regeneration, which are susceptible to browse, indicated deer browse was low. In areas 
with high deer populations, seedlings would likely require protection from browse using fencing, 
tree tubes, or bud-capping.  
 
Conclusion 
This study was designed to test the effects of overstory and understory silvicultural treatments on 
the survival and growth of 1-year-old containerized seedlings on low- and high-quality sites in 
the Adirondacks six years after planting. The existing untreated understory also provided an 
opportunity to observe the effects of treatments on the type and abundance of understory 
vegetation at each site, and to identify possible relationships between vegetation cover and 
observed trends in seedling survival and growth. Site-quality had no effect on seedling survival 
and growth six years after planting. Overstory treatment also had no effects on seedling survival, 
however, seedlings planted in 20% RSD plots at both sites grew faster, resulting in seedlings that 
were taller with larger diameters than those in 40% RSD plots. Given that survival was similar 
between overstory density treatments, the more open overstory plots in this study appeared to 
have permitted more light into the understory without compromising protection. Scarification 
resulted in lower seedling survival and had no effect on growth. Although scarification has been 
shown to increase natural and seeded regeneration success, this study suggests spot scarification, 
in the absence of understory vegetation control, may curtail success of underplanted white pine. 
While understory vegetation control is often recommended and has proven effective, there is 
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value in understanding how successful underplanting might be achieved in the absence of such 
treatments. This study demonstrated that underplanting small, young white pine seedlings in low 
density shelterwoods can be moderately successful in uncontrolled understories of varying 
composition and density on low- and high-quality sites in the Adirondacks.  
 
Practical Implications  
White pine management has been largely consigned to low-quality sites where seedlings can 
more effectively compete with understory vegetation. The results from this study suggests that 
underplanting young white pine seedlings in low-density (20% RSD) shelterwoods without site 
preparation can be moderately successful on both high- and low-quality sites, provided deer 
density is low. Seedling success might be improved by: (1) plant in canopy gaps, void of 
understory or overstory tree cover, (2) avoid planting were ferns are present, (3) plant in areas 
with Rubus, particularly blackberry patches, and (4) plan for 40-50% mortality. 
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Table 1. Stand summary for 20% (20) and 40% (40) relative stand density overstory treatment 
plots at Huntington Wildlife Forest (HWF) and Charles Pack Demonstration Forest (PACK) in 
2014 (top) and 2019 (bottom), two and six years after cut, respectively. 
 
20 40 20 40
Trees/ha, trees/ac 55.6 (22.5) 129.7 (52.5) 79.1 (32.0) 269.6 (109.1)
Basal area (sq. m/ha, sq. ft/ac) 17.2 (75.0) 31.0 (135.0) 17.2 (75.0) 29.0 (126.2)
Quadratic mean diameter (cm, in) 62.8 (24.7) 55.2 (21.7) 52.7 (20.7) 37.0 (14.6)
Relative stand density (%) 21.7 40.1 23.4 39.9
Relative stand density of white pine (%) 21.1 38.8 23.4 38.4
Trees/ha, trees/ac 69.2 (28.0) 122.3 (49.5) 75.9 (30.7) 266.6 (107.9)
Basal area (sq. m/ha, sq. ft/ac) 16.3 (71.2) 28.4 (123.7) 17.8 (77.5) 32.7 (142.5)
Quadratic mean diameter (cm, in) 54.8 (21.6) 54.4 (21.4) 54.6 (21.5) 39.5 (15.6)
Relative stand density (%) 20.4 36.0 23.8 46.3
Relative stand density of white pine (%) 19.3 34.0 23.8 44.4
Charecteristic HWF PACK
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Table 2. p-values from ANOVA tests of site (Huntington Wildlife Forest and PACK 
Demonstration Forest), overstory (20% and 40% relative stand density), and understory 
(scarified and unscarified) treatment effects on survival and growth of planted seedlings in 2019, 
six years post-treatment. 





Site 1 0.370 0.241 0.232 0.596 
Overstory 1 0.863 0.100 0.383 0.083 
Site*Overstory 1 0.352 0.414 0.226 0.211 
Understory 1 0.062 0.947 0.518 0.625 
Site*Understory 1 0.326 0.837 0.626 0.707 
Overstory*Understory 1 0.759 0.225 0.342 0.136 




Table 3. Mean survival, average height, cumulative height, and average diameter and 
corresponding standard errors (in parenthesis) across site [Huntington Wildlife Forest (HWF) 
and Pack Demonstration Forest (PACK)], overstory [20% and 40% relative stand density 










(%) (cm) (cm) (cm)
SITE
50.0 97.6 1728.7 1.58
(7.8) (14.0) (457.3) (0.29)
64.2 124.3 2692.8 1.74
(5.0) (13.1) (336.2) (0.18)
Overstory
55.9 134.6a 2525.8 2.1a
(5.1) (9.8) (357.4) (0.20)
58.3 87.32b 1895.6 1.2b
(8.6) (12.9) (482.1) (0.18)
Understory
50.3b 111.5 2013.8 1.59
(6.9) (11.4) (418.1) (0.16)
63.9a 110.4 2407.7 1.72








Table 4. p-values from ANOVA tests of site (Huntington Wildlife Forest and Pack 
Demonstration Forest), overstory (20% and 40% relative stand density), and understory 
(scarified and unscarified) treatment effects on average (β0), linear (β1), and quadratic (β2) height 
growth from 2013 to 2019. 
Source DF β0 β1 β2 
Site 1 0.22 0.22 0.36 
Overstory 1 0.10 0.10 0.13 
Site*Overstory 1 0.45 0.45 0.40 
Understory 1 0.85 0.94 0.84 
Site*Understory 1 0.83 0.83 0.77 
Overstory*Understory 1 0.20 0.23 0.32 




Table 5. Mean partial regression coefficients reflecting average (β0), linear (β1), and quadratic 
(β2) height growth from 2013 to 2019 and corresponding standard errors (in parenthesis) across 
site [Huntington Wildlife Forest (HWF) and Pack Demonstration Forest (PACK)], overstory 
[20% and 40% relative stand density (RSD)], and understory (scarified and unscarified) 
treatments. 
Treatment n β0 β1 β2 
Site         
HWF 8 
41.6  13.2  1.1  
(4.3) (2.1) (0.4) 
PACK 8 50.5  17.5  1.6  (4.4) (2.0) (0.0) 
Overstory         
20% RSD 8 
53.6a 18.9a 1.9  
(2.9) (1.5) (0.3) 
40% RSD 8 38.5
b 11.8b 0.8  
(4.3) (2.0) (0.3) 
Understory         
Scarified 8 
46.6  15.4  1.3  
(3.8) (1.8) (0.2) 
Unscarified 8 
45.5  15.2  1.4  




Table 6. p-values from ANOVA tests of clustering effect on seedling response variables 
(survival, average height, and cumulative height) in 2019 at Huntington Wildlife Forest and Pack 
Demonstration Forest and mean survival, average height, and cumulative height and 
corresponding standard errors (in parenthesis) across clusters. 





  (%) (cm) (cm) 
p-value 2 <.0001 0.014 0.0018 
Cluster A 6 
47.2b 122.9a 1871.4b 
(1.6) (13.9) (163.5) 
Cluster B 3 
73.1a 71.5b 1781.2b 
(4.6) (6.6) (146.5) 
Cluster C 5 
72.8a 140.9a 3589.7a 




Table 7. p-values from ANOVA tests of clustering effect on environmental conditions in 2013 
(basal area from 2014) at Huntington Wildlife Forest and Pack Demonstration Forest and mean 
basal area in 2014 and percentage cover by lifeform (and slash) in 2013 across clusters. 
Abbreviations: BA_14 =  basal area in 2014, Slash_13 = % slash cover in 2013, Moss_13 = % 
moss cover in 2013, Grass_13 = % grass cover in 2013, Forb_13 = % forb cover in 2013, 
Fern_13 = % fern cover in 2013, Rubus_13 = % Rubus cover in 2013, Shrub_13 = % shrub 
cover in 2013, Tree_13 = % understory tree cover in 2013, and TtlVeg_13 = % cover of all 




p-value 2 0.04 0.91 0.15 0.65 0.57 0.06 0.56 0.26 0.10 0.10
80.0b 25.9 0.5 5.9 7.8 11.4 4.0 0.6 2.6 32.6
(6.8) (5.6) (0.2) (1.5) (3.1) (4.3) (1.8) (0.3) (0.9) (7.6)
140.0a 29.1 1.4 2.6 6.0 0.1 1.4 0.6 3.3 15.5
(23.1) (2.9) (0.6) (1.4) (2.0) (0.1) (0.4) (0.3) (1.2) (1.7)
104ab 29.0 0.6 4.8 4.1 1.5 2.8 0.1 0.5 14.3




Shrub_13 Tree_13 TtlVeg_13Moss_13 Grass_13 Forb_13 Fern_13 Rubus_13n BA_14 Slash_13
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Table 8. p-values from ANOVA tests of clustering effect on environmental conditions in 2019 at 
Huntington Wildlife Forest and Pack Demonstration Forest and mean basal area and percentage 
cover by lifeform (and coarse woody debris) in 2019 across clusters. Abbreviations: BA_19 =  
basal area in 2019, CWD_13 = % coarse woody debris cover in 2019, Moss_19 = % moss cover 
in 2019, Grass_19 = % grass cover in 2019, Forb_19 = % forb cover in 2019, Fern_19 = % fern 
cover in 2019, Rubus_13 = % Rubus cover in 2019, Bberry_19 = % blackberry cover in 2019, 
Rberry_19 = % raspberry cover in 2019, Shrub_19 = % shrub cover in 2019, Tree_19 = % 
understory tree cover in 2019, and  TtlVeg_19 = % cover of all lifeforms (excluding coarse 
woody debris) in 2019. 
 
  
p-value 2 0.03 0.42 0.55 0.40 0.36 0.14 0.55 0.80 0.67 0.62 0.30 0.05
73.3b 5.8 0.8 1.3 5.0 18.3 3.3 15.5 18.8 2.2 13.7 60.2a
(8.0) (2.4) (0.2) (0.5) (1.9) (7.8) (1.8) (4.3) (4.2) (2.0) (6.5) (7.7)
156.7a 1.7 1.0 2.3 4.7 4.3 0.7 13.0 13.7 0.3 32.7 59.0a
(31.8) (0.3) 0.0 (1.9) (2.3) (3.0) (0.3) (6.5) (6.8) (0.3) (21.3) (10.5)
110.0b 4.8 1.0 3.2 1.8 2.2 2.0 10.2 12.2 0.4 9.6 30.4b
(18.4) (1.3) 0.0 (1.1) (0.6) (1.1) (1.1) (7.2) (6.7) (0.4) (4.1) (8.3)Cluster C 5





Table 9. p-values resulting from MRPP analysis based on 2019 seedling response data (survival, 
average height, and cumulative height) and 2013-2019 height growth data (β0, β1, and β2) from 
planted subplots at Huntington Wildlife Forest and Pack Demonstration Forest. 
Effect 
2013-2019 2019 
p - value 
Site 0.81 0.58 
Overstory 0.04 0.07 





Figure 1. Percentage of vegetation cover by lifeform at Huntington Wildlife Forest (HWF) and 
Pack Demonstration Forest (PACK) in 2013 (a) and 2019 (b) Abbreviations: Tree_13 =  2013 
understory tree data, Shrub_13 = 2013 shrub data, Rubus_13 = 2013 Rubus data, Fern_13 = 
2013 fern data, Forb_13 = 2013 forb data, Grass_13 = 2013 grass data, Moss_13 = 2013 moss 
data, Tree_19 =  2019 understory tree data, Shrub_19 = 2019 shrub data, Rberry_19 = 2019 
raspberry data, Bberry_19 = 2019 blackberry data, Fern_19 = 2019 fern data, Forb_19 = 2019 
forb data, Grass_19 = 2019 grass data, and Moss_19 = 2019 moss data. 
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Figure 2. Average quadratic growth regression curves across site [Huntington Wildlife Forest 
(HWF) and PACK Demonstration Forest (PACK)] (a), overstory [20% and 40% relative stand 
density (RSD)] (b), and understory (scarified and unscarified) (c) treatments. 
39 
 
Figure 3. NMS ordination of subplots at Huntington Wildlife Forest (HWF) and Pack 
Demonstration Forest (PACK) based on 2019 seedling response data (percent survival, average 
height, and cumulative height) with an overlay of vectors reflecting the relationship (direction) 
and strength (length) of response and environmental variables (basal area (BA) and percent cover 
data) along each axis. Abbreviations: BA_14 = basal area in 2014, Fern_13 = 2013 fern data, 
TtlVeg_13 = sum of all lifeform in 2013,  BA_19= 2019 basal area data, Bberry_19 = 2019 
blackberry data, Fern_19 = 2019 fern data, and TtlVeg_19 = sum of all vegetation in 2019. Only 




Figure 4. NMS ordination of subplots at Huntington Wildlife Forest (HWF) and Pack 
Demonstration Forest (PACK) based on partial regression coefficients reflecting average (β0), 
linear (β1), and quadratic (β2) height growth of planted white pine seedlings from 2013 to 2019 
based on site (HWF and PACK) (a), overstory [20% and 40% relative stand density (RSD)] (b), 
and understory [scarified (S) and unscarified (US)] (c) treatments. Arrows reflect correlations 
between environmental variables (percent cover) and axis 1. Centroids ‘+’ reflect the average 
location of treatment groups in the ordination space. Abbreviations: Rubus_13 = % Rubus cover 
in 2013, Tree_13 = % understory tree cover in 2013, Bberry_19 = % blackberry cover in 2019, 





Figure 5. Cluster dendrogram reflecting group membership of subplots at Huntington Wildlife 
Forest (HWF) and Pack Demonstration Forest (PACK) based on seedling response variables 
(percent survival, average height, and cumulative height) in 2019. Vertical lines reflect grouping. 





Figure 6. NMS ordination of subplots at Huntington Wildlife Forest (HWF) and Pack 
Demonstration Forest (PACK) based on 2019 seedling response data (percent survival, average 
height, and cumulative height) with polygons reflecting group membership resulting from cluster 






Figure 7. NMS ordination of subplots at Huntington Wildlife Forest (HWF) and Pack 
Demonstration Forest (PACK) based on 2019 seedling response data (percent survival, average 
height, and cumulative height) with polygons reflecting group membership based on site 
[Huntington Wildlife Forest (HWF) and Pack Demonstration Forest (PACK)] (a), overstory 
(20% and 40% relative stand density (RSD)] (b), and understory (scarified and unscarified) (c) 
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Appendix A: SAS software code and data – Sequential parameter estimation 
 
DATA RM; 
INPUT SITE$ OVRSTY SUBPLOT UNDRSTY$ REP ID$ HT Year @@@@; 
CARDS; 
HWF 20 4 S 1 HWF20413 4.5 0 PACK 20 4 US 1 PACK20477 4.9 0 HWF 40 1 S 1 HWF40168 20.7 3 PACK 40 1 US 1 PACK40186 41.7 3 
HWF 20 4 S 1 HWF20413 6.5 1 PACK 20 4 US 1 PACK20477 11 1 HWF 40 1 S 1 HWF40168 41.6 6 PACK 40 1 US 1 PACK40186 115 6 
HWF 20 4 S 1 HWF20413 13.2 2 PACK 20 4 US 1 PACK20477 21.8 2 HWF 40 1 S 1 HWF40168 52.5 7 PACK 40 1 US 1 PACK40186 142 7 
HWF 20 4 S 1 HWF20413 14.6 3 PACK 20 4 US 1 PACK20477 42.4 3 HWF 40 1 S 1 HWF40186 9 0 PACK 40 7 US 2 PACK40711 6.2 0 
HWF 20 4 S 1 HWF20413 19.1 6 PACK 20 4 US 1 PACK20477 104.2 6 HWF 40 1 S 1 HWF40186 14.3 1 PACK 40 7 US 2 PACK40711 13.2 1 
HWF 20 4 S 1 HWF20413 21.6 7 PACK 20 4 US 1 PACK20477 129.2 7 HWF 40 1 S 1 HWF40186 24.6 2 PACK 40 7 US 2 PACK40711 22.7 2 
HWF 20 4 S 1 HWF20415 6 0 PACK 20 4 US 1 PACK20484 6.1 0 HWF 40 1 S 1 HWF40186 29.9 3 PACK 40 7 US 2 PACK40711 36.5 3 
HWF 20 4 S 1 HWF20415 13.4 1 PACK 20 4 US 1 PACK20484 9 1 HWF 40 1 S 1 HWF40186 58.4 6 PACK 40 7 US 2 PACK40711 83.2 6 
HWF 20 4 S 1 HWF20415 23.9 2 PACK 20 4 US 1 PACK20484 24.9 2 HWF 40 1 S 2 HWF40186 72.4 7 PACK 40 7 US 2 PACK40711 114.6 7 
HWF 20 4 S 1 HWF20415 37.9 3 PACK 20 4 US 1 PACK20484 29.4 3 HWF 40 7 S 2 HWF40713 6.4 0 PACK 40 7 US 2 PACK40713 6.5 0 
HWF 20 4 S 1 HWF20415 112 6 PACK 20 4 US 1 PACK20484 111.8 6 HWF 40 7 S 2 HWF40713 12.2 1 PACK 40 7 US 2 PACK40713 14.8 1 
HWF 20 4 S 1 HWF20415 158 7 PACK 20 4 US 1 PACK20484 147.8 7 HWF 40 7 S 2 HWF40713 21.8 2 PACK 40 7 US 2 PACK40713 21.6 2 
HWF 20 4 S 1 HWF20417 2.4 0 PACK 20 4 US 1 PACK20486 5.6 0 HWF 40 7 S 2 HWF40713 36.4 3 PACK 40 7 US 2 PACK40713 42.5 3 
HWF 20 4 S 1 HWF20417 9.6 1 PACK 20 4 US 1 PACK20486 8.4 1 HWF 40 7 S 2 HWF40713 56.8 6 PACK 40 7 US 2 PACK40713 136.9 6 
HWF 20 4 S 1 HWF20417 23.4 2 PACK 20 4 US 1 PACK20486 20.7 2 HWF 40 7 S 2 HWF40713 65.5 7 PACK 40 7 US 2 PACK40713 165 7 
HWF 20 4 S 1 HWF20417 35.3 3 PACK 20 4 US 1 PACK20486 36.8 3 HWF 40 7 S 2 HWF40717 12.5 0 PACK 40 7 US 2 PACK40719 5 0 
HWF 20 4 S 1 HWF20417 118.7 6 PACK 20 4 US 1 PACK20486 104.3 6 HWF 40 7 S 2 HWF40717 17.2 1 PACK 40 7 US 2 PACK40719 11.3 1 
HWF 20 4 S 1 HWF20417 158 7 PACK 20 4 US 1 PACK20486 127.3 7 HWF 40 7 S 2 HWF40717 23.5 2 PACK 40 7 US 2 PACK40719 23.4 2 
HWF 20 4 S 1 HWF20419 5.9 0 PACK 20 4 US 1 PACK20488 5.7 0 HWF 40 7 S 2 HWF40717 24 3 PACK 40 7 US 2 PACK40719 45 3 
HWF 20 4 S 1 HWF20419 14.3 1 PACK 20 4 US 1 PACK20488 12.2 1 HWF 40 7 S 2 HWF40717 45.4 6 PACK 40 7 US 2 PACK40719 126.9 6 
HWF 20 4 S 1 HWF20419 31.4 2 PACK 20 4 US 1 PACK20488 25 2 HWF 40 7 S 2 HWF40717 64 7 PACK 40 7 US 2 PACK40719 172.5 7 
HWF 20 4 S 1 HWF20419 52.9 3 PACK 20 4 US 1 PACK20488 42.2 3 HWF 40 7 S 2 HWF40719 7.6 0 PACK 40 7 US 2 PACK40726 6.9 0 
HWF 20 4 S 1 HWF20419 118.6 6 PACK 20 4 US 1 PACK20488 105.4 6 HWF 40 7 S 2 HWF40719 13.4 1 PACK 40 7 US 2 PACK40726 13.2 1 
HWF 20 4 S 1 HWF20419 149 7 PACK 20 4 US 1 PACK20488 138 7 HWF 40 7 S 2 HWF40719 19.5 2 PACK 40 7 US 2 PACK40726 18.6 2 
HWF 20 4 S 1 HWF20424 7.6 0 PACK 20 7 S 1 PACK20719 5.6 0 HWF 40 7 S 2 HWF40719 27.4 3 PACK 40 7 US 2 PACK40726 22.5 3 
HWF 20 4 S 1 HWF20424 12.9 1 PACK 20 7 S 1 PACK20719 10.2 1 HWF 40 7 S 2 HWF40719 37.9 6 PACK 40 7 US 2 PACK40726 63.6 6 
HWF 20 4 S 1 HWF20424 18.9 2 PACK 20 7 S 1 PACK20719 18.4 2 HWF 40 7 S 2 HWF40719 43 7 PACK 40 7 US 2 PACK40726 85.3 7 
HWF 20 4 S 1 HWF20424 31.4 3 PACK 20 7 S 1 PACK20719 38.9 3 HWF 40 7 S 2 HWF40726 8.5 0 PACK 40 7 US 2 PACK40728 8.7 0 
HWF 20 4 S 1 HWF20424 70 6 PACK 20 7 S 1 PACK20719 147.5 6 HWF 40 7 S 2 HWF40726 15.6 1 PACK 40 7 US 2 PACK40728 17.7 1 
HWF 20 4 S 1 HWF20424 119 7 PACK 20 7 S 1 PACK20719 162 7 HWF 40 7 S 2 HWF40726 28.7 2 PACK 40 7 US 2 PACK40728 36.8 2 
HWF 20 4 S 1 HWF20426 8.9 0 PACK 20 7 S 1 PACK20724 6.2 0 HWF 40 7 S 2 HWF40726 40.2 3 PACK 40 7 US 2 PACK40728 69.9 3 
HWF 20 4 S 1 HWF20426 15.2 1 PACK 20 7 S 1 PACK20724 12.7 1 HWF 40 7 S 2 HWF40726 112.2 6 PACK 40 7 US 2 PACK40728 160.8 6 
HWF 20 4 S 1 HWF20426 26.2 2 PACK 20 7 S 1 PACK20724 27.1 2 HWF 40 7 S 2 HWF40726 132.2 7 PACK 40 7 US 2 PACK40728 194 7 
HWF 20 4 S 1 HWF20426 45.5 3 PACK 20 7 S 1 PACK20724 54.8 3 HWF 40 7 S 2 HWF40735 4.8 0 PACK 40 7 US 2 PACK40731 4.4 0 
HWF 20 4 S 1 HWF20426 144.6 6 PACK 20 7 S 1 PACK20724 139.2 6 HWF 40 7 S 2 HWF40735 10 1 PACK 40 7 US 2 PACK40731 9.2 1 
HWF 20 4 S 1 HWF20426 181 7 PACK 20 7 S 1 PACK20724 179.6 7 HWF 40 7 S 2 HWF40735 19.6 2 PACK 40 7 US 2 PACK40731 13.4 2 
HWF 20 4 S 1 HWF20428 5.1 0 PACK 20 7 S 1 PACK20728 6.4 0 HWF 40 7 S 2 HWF40735 24.9 3 PACK 40 7 US 2 PACK40731 15.5 3 
HWF 20 4 S 1 HWF20428 12.4 1 PACK 20 7 S 1 PACK20728 13.2 1 HWF 40 7 S 2 HWF40735 81.4 6 PACK 40 7 US 2 PACK40731 26.6 6 
HWF 20 4 S 1 HWF20428 22.3 2 PACK 20 7 S 1 PACK20728 29.3 2 HWF 40 7 S 2 HWF40735 95.4 7 PACK 40 7 US 2 PACK40731 32.6 7 
HWF 20 4 S 1 HWF20428 31.3 3 PACK 20 7 S 1 PACK20728 61.2 3 HWF 40 7 S 2 HWF40737 4.8 0 PACK 40 7 US 2 PACK40733 8.1 0 
HWF 20 4 S 1 HWF20428 68.8 6 PACK 20 7 S 1 PACK20728 240.8 6 HWF 40 7 S 2 HWF40737 10.5 1 PACK 40 7 US 2 PACK40733 15.7 1 
HWF 20 4 S 1 HWF20428 79.8 7 PACK 20 7 S 1 PACK20728 299.5 7 HWF 40 7 S 2 HWF40737 19 2 PACK 40 7 US 2 PACK40733 22.1 2 
HWF 20 4 S 1 HWF20431 7.1 0 PACK 20 7 S 1 PACK20731 6.8 0 HWF 40 7 S 2 HWF40737 27.9 3 PACK 40 7 US 2 PACK40733 22.2 3 
HWF 20 4 S 1 HWF20431 12.4 1 PACK 20 7 S 1 PACK20731 10.9 1 HWF 40 7 S 2 HWF40737 87 6 PACK 40 7 US 2 PACK40733 34.6 6 
HWF 20 4 S 1 HWF20431 25.7 2 PACK 20 7 S 1 PACK20731 30.8 2 HWF 40 7 S 2 HWF40737 102.3 7 PACK 40 7 US 2 PACK40733 43.6 7 
HWF 20 4 S 1 HWF20431 44.5 3 PACK 20 7 S 1 PACK20731 71.2 3 HWF 40 7 S 2 HWF40744 7 0 PACK 40 7 US 2 PACK40735 6.5 0 
HWF 20 4 S 1 HWF20431 128.5 6 PACK 20 7 S 1 PACK20731 262.5 6 HWF 40 7 S 2 HWF40744 12.7 1 PACK 40 7 US 2 PACK40735 11.6 1 
HWF 20 4 S 1 HWF20431 188 7 PACK 20 7 S 1 PACK20731 324 7 HWF 40 7 S 2 HWF40744 19.2 2 PACK 40 7 US 2 PACK40735 15.7 2 
HWF 20 4 S 1 HWF20433 7.4 0 PACK 20 7 S 1 PACK20733 6.1 0 HWF 40 7 S 2 HWF40744 32.1 3 PACK 40 7 US 2 PACK40735 21 3 
HWF 20 4 S 1 HWF20433 13.9 1 PACK 20 7 S 1 PACK20733 15.5 1 HWF 40 7 S 2 HWF40744 73.9 6 PACK 40 7 US 2 PACK40735 66.9 6 
HWF 20 4 S 1 HWF20433 36.5 2 PACK 20 7 S 1 PACK20733 31 2 HWF 40 7 S 2 HWF40744 89.2 7 PACK 40 7 US 2 PACK40735 97.2 7 
HWF 20 4 S 1 HWF20433 61.4 3 PACK 20 7 S 1 PACK20733 47.9 3 HWF 40 7 S 2 HWF40748 8.5 0 PACK 40 7 US 2 PACK40737 6.9 0 
HWF 20 4 S 1 HWF20433 231.8 6 PACK 20 7 S 1 PACK20733 141.3 6 HWF 40 7 S 2 HWF40748 13.3 1 PACK 40 7 US 2 PACK40737 13.3 1 
HWF 20 4 S 1 HWF20433 283.3 7 PACK 20 7 S 1 PACK20733 169.6 7 HWF 40 7 S 2 HWF40748 23.6 2 PACK 40 7 US 2 PACK40737 17.1 2 
HWF 20 4 S 1 HWF20435 5.5 0 PACK 20 7 S 1 PACK20737 6 0 HWF 40 7 S 2 HWF40748 29 3 PACK 40 7 US 2 PACK40737 30.5 3 
HWF 20 4 S 1 HWF20435 7.8 1 PACK 20 7 S 1 PACK20737 11.6 1 HWF 40 7 S 2 HWF40748 70.3 6 PACK 40 7 US 2 PACK40737 108.1 6 
HWF 20 4 S 1 HWF20435 23.5 2 PACK 20 7 S 1 PACK20737 30.3 2 HWF 40 7 S 2 HWF40748 83.9 7 PACK 40 7 US 2 PACK40737 139 7 
HWF 20 4 S 1 HWF20435 33.8 3 PACK 20 7 S 1 PACK20737 61.6 3 HWF 40 7 S 2 HWF40751 6.2 0 PACK 40 7 US 2 PACK40739 8.2 0 
HWF 20 4 S 1 HWF20435 69.8 6 PACK 20 7 S 1 PACK20737 205.8 6 HWF 40 7 S 2 HWF40751 14.2 1 PACK 40 7 US 2 PACK40739 15.5 1 
HWF 20 4 S 1 HWF20435 94 7 PACK 20 7 S 1 PACK20737 255 7 HWF 40 7 S 2 HWF40751 24.5 2 PACK 40 7 US 2 PACK40739 27.3 2 
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HWF 20 4 S 1 HWF20437 6.6 0 PACK 20 7 S 1 PACK20742 7.9 0 HWF 40 7 S 2 HWF40751 29.7 3 PACK 40 7 US 2 PACK40739 48.4 3 
HWF 20 4 S 1 HWF20437 12.9 1 PACK 20 7 S 1 PACK20742 12.3 1 HWF 40 7 S 2 HWF40751 62.5 6 PACK 40 7 US 2 PACK40739 197 6 
HWF 20 4 S 1 HWF20437 18.6 2 PACK 20 7 S 1 PACK20742 29.8 2 HWF 40 7 S 2 HWF40751 77.5 7 PACK 40 7 US 2 PACK40739 246.7 7 
HWF 20 4 S 1 HWF20437 34 3 PACK 20 7 S 1 PACK20742 41.3 3 HWF 40 7 S 2 HWF40755 4.1 0 PACK 40 7 US 2 PACK40742 7.4 0 
HWF 20 4 S 1 HWF20437 91.5 6 PACK 20 7 S 1 PACK20742 143.4 6 HWF 40 7 S 2 HWF40755 7.8 1 PACK 40 7 US 2 PACK40742 15.2 1 
HWF 20 4 S 1 HWF20437 99 7 PACK 20 7 S 1 PACK20742 186.2 7 HWF 40 7 S 2 HWF40755 16.2 2 PACK 40 7 US 2 PACK40742 16.5 2 
HWF 20 4 S 1 HWF20444 5.8 0 PACK 20 7 S 1 PACK20744 6.7 0 HWF 40 7 S 2 HWF40755 25.8 3 PACK 40 7 US 2 PACK40742 24.3 3 
HWF 20 4 S 1 HWF20444 10.6 1 PACK 20 7 S 1 PACK20744 13.5 1 HWF 40 7 S 2 HWF40755 53.9 6 PACK 40 7 US 2 PACK40742 27.6 6 
HWF 20 4 S 1 HWF20444 24.3 2 PACK 20 7 S 1 PACK20744 24 2 HWF 40 7 S 2 HWF40755 59 7 PACK 40 7 US 2 PACK40742 33.1 7 
HWF 20 4 S 1 HWF20444 31 3 PACK 20 7 S 1 PACK20744 29.4 3 HWF 40 7 S 2 HWF40757 7.4 0 PACK 40 7 US 2 PACK40746 6.8 0 
HWF 20 4 S 1 HWF20444 106.1 6 PACK 20 7 S 1 PACK20744 52.9 6 HWF 40 7 S 2 HWF40757 14.2 1 PACK 40 7 US 2 PACK40746 9.3 1 
HWF 20 4 S 1 HWF20444 139.1 7 PACK 20 7 S 1 PACK20744 70.4 7 HWF 40 7 S 2 HWF40757 22.9 2 PACK 40 7 US 2 PACK40746 16.4 2 
HWF 20 4 S 1 HWF20446 5.9 0 PACK 20 7 S 1 PACK20746 5.6 0 HWF 40 7 S 2 HWF40757 30.7 3 PACK 40 7 US 2 PACK40746 26.4 3 
HWF 20 4 S 1 HWF20446 12.4 1 PACK 20 7 S 1 PACK20746 10.3 1 HWF 40 7 S 2 HWF40757 89.9 6 PACK 40 7 US 2 PACK40746 54.8 6 
HWF 20 4 S 1 HWF20446 18.7 2 PACK 20 7 S 1 PACK20746 28.9 2 HWF 40 7 S 2 HWF40757 102.5 7 PACK 40 7 US 2 PACK40746 69.5 7 
HWF 20 4 S 1 HWF20446 27.2 3 PACK 20 7 S 1 PACK20746 48.8 3 HWF 40 7 S 2 HWF40762 5.4 0 PACK 40 7 US 2 PACK40751 5.1 0 
HWF 20 4 S 1 HWF20446 72.5 6 PACK 20 7 S 1 PACK20746 125 6 HWF 40 7 S 2 HWF40762 15.7 1 PACK 40 7 US 2 PACK40751 10.2 1 
HWF 20 4 S 1 HWF20446 97 7 PACK 20 7 S 1 PACK20746 143 7 HWF 40 7 S 2 HWF40762 28.8 2 PACK 40 7 US 2 PACK40751 15.3 2 
HWF 20 4 S 1 HWF20447 5.3 0 PACK 20 7 S 1 PACK20751 5.6 0 HWF 40 7 S 2 HWF40762 39.5 3 PACK 40 7 US 2 PACK40751 20 3 
HWF 20 4 S 1 HWF20447 12.2 1 PACK 20 7 S 1 PACK20751 7.9 1 HWF 40 7 S 2 HWF40762 90.5 6 PACK 40 7 US 2 PACK40751 25.5 6 
HWF 20 4 S 1 HWF20447 21.8 2 PACK 20 7 S 1 PACK20751 18 2 HWF 40 7 S 2 HWF40762 114 7 PACK 40 7 US 2 PACK40751 30.2 7 
HWF 20 4 S 1 HWF20447 38.5 3 PACK 20 7 S 1 PACK20751 28.9 3 HWF 40 7 S 2 HWF40766 6.6 0 PACK 40 7 US 2 PACK40753 8.6 0 
HWF 20 4 S 1 HWF20447 59.4 6 PACK 20 7 S 1 PACK20751 45.1 6 HWF 40 7 S 2 HWF40766 13.9 1 PACK 40 7 US 2 PACK40753 15.2 1 
HWF 20 4 S 1 HWF20447 82.4 7 PACK 20 7 S 1 PACK20751 54 7 HWF 40 7 S 2 HWF40766 18 2 PACK 40 7 US 2 PACK40753 22.5 2 
HWF 20 4 S 1 HWF20462 4.9 0 PACK 20 7 S 1 PACK20753 4.8 0 HWF 40 7 S 2 HWF40766 18.2 3 PACK 40 7 US 2 PACK40753 26.2 3 
HWF 20 4 S 1 HWF20462 10.7 1 PACK 20 7 S 1 PACK20753 12.6 1 HWF 40 7 S 2 HWF40766 26.7 6 PACK 40 7 US 2 PACK40753 38.4 6 
HWF 20 4 S 1 HWF20462 17.3 2 PACK 20 7 S 1 PACK20753 21.1 2 HWF 40 7 S 2 HWF40766 31.1 7 PACK 40 7 US 2 PACK40753 45.4 7 
HWF 20 4 S 1 HWF20462 33.3 3 PACK 20 7 S 1 PACK20753 37.3 3 HWF 40 7 S 2 HWF40768 7.3 0 PACK 40 7 US 2 PACK40755 5.1 0 
HWF 20 4 S 1 HWF20462 85.8 6 PACK 20 7 S 1 PACK20753 121.5 6 HWF 40 7 S 2 HWF40768 15.4 1 PACK 40 7 US 2 PACK40755 11.8 1 
HWF 20 4 S 1 HWF20462 119.6 7 PACK 20 7 S 1 PACK20753 153 7 HWF 40 7 S 2 HWF40768 25.1 2 PACK 40 7 US 2 PACK40755 21.2 2 
HWF 20 4 S 1 HWF20475 5.3 0 PACK 20 7 S 1 PACK20755 7.6 0 HWF 40 7 S 2 HWF40768 39.9 3 PACK 40 7 US 2 PACK40755 38.4 3 
HWF 20 4 S 1 HWF20475 9.4 1 PACK 20 7 S 1 PACK20755 13.8 1 HWF 40 7 S 2 HWF40768 67.5 6 PACK 40 7 US 2 PACK40755 123.6 6 
HWF 20 4 S 1 HWF20475 22.2 2 PACK 20 7 S 1 PACK20755 22.3 2 HWF 40 7 S 2 HWF40768 82 7 PACK 40 7 US 2 PACK40755 155.3 7 
HWF 20 4 S 1 HWF20475 36 3 PACK 20 7 S 1 PACK20755 38.7 3 HWF 40 7 S 2 HWF40784 5.9 0 PACK 40 7 US 2 PACK40757 6.7 0 
HWF 20 4 S 1 HWF20475 91.8 6 PACK 20 7 S 1 PACK20755 77.4 6 HWF 40 7 S 2 HWF40784 11.4 1 PACK 40 7 US 2 PACK40757 13.6 1 
HWF 20 4 S 1 HWF20475 114.3 7 PACK 20 7 S 1 PACK20755 97 7 HWF 40 7 S 2 HWF40784 20.4 2 PACK 40 7 US 2 PACK40757 26 2 
HWF 20 4 S 1 HWF20479 2.8 0 PACK 20 7 S 1 PACK20762 2.8 0 HWF 40 7 S 2 HWF40784 32.9 3 PACK 40 7 US 2 PACK40757 40.8 3 
HWF 20 4 S 1 HWF20479 7.3 1 PACK 20 7 S 1 PACK20762 8 1 HWF 40 7 S 2 HWF40784 78 6 PACK 40 7 US 2 PACK40757 154 6 
HWF 20 4 S 1 HWF20479 15.8 2 PACK 20 7 S 1 PACK20762 21.2 2 HWF 40 7 S 2 HWF40784 92.3 7 PACK 40 7 US 2 PACK40757 201.2 7 
HWF 20 4 S 1 HWF20479 19.8 3 PACK 20 7 S 1 PACK20762 23.5 3 HWF 40 7 S 2 HWF40786 6 0 PACK 40 7 US 2 PACK40759 6.3 0 
HWF 20 4 S 1 HWF20479 69.1 6 PACK 20 7 S 1 PACK20762 40.8 6 HWF 40 7 S 2 HWF40786 12.6 1 PACK 40 7 US 2 PACK40759 13.1 1 
HWF 20 4 S 1 HWF20479 84.1 7 PACK 20 7 S 1 PACK20762 48.4 7 HWF 40 7 S 2 HWF40786 22 2 PACK 40 7 US 2 PACK40759 27 2 
HWF 20 4 S 1 HWF20482 7.3 0 PACK 20 7 S 1 PACK20779 4.8 0 HWF 40 7 S 2 HWF40786 29.7 3 PACK 40 7 US 2 PACK40759 48.8 3 
HWF 20 4 S 1 HWF20482 11.8 1 PACK 20 7 S 1 PACK20779 12.3 1 HWF 40 7 S 2 HWF40786 89.5 6 PACK 40 7 US 2 PACK40759 198 6 
HWF 20 4 S 1 HWF20482 15.6 2 PACK 20 7 S 1 PACK20779 25.1 2 HWF 40 7 S 2 HWF40786 113 7 PACK 40 7 US 2 PACK40759 231.8 7 
HWF 20 4 S 1 HWF20482 30.5 3 PACK 20 7 S 1 PACK20779 25.9 3 HWF 40 10 US 1 HWF401011 8.4 0 PACK 40 7 US 2 PACK40762 5.6 0 
HWF 20 4 S 1 HWF20482 51.1 6 PACK 20 7 S 1 PACK20779 42.5 6 HWF 40 10 US 1 HWF401011 10.6 1 PACK 40 7 US 2 PACK40762 8.1 1 
HWF 20 4 S 1 HWF20482 64 7 PACK 20 7 S 1 PACK20779 48.1 7 HWF 40 10 US 1 HWF401011 17.1 2 PACK 40 7 US 2 PACK40762 8.5 2 
HWF 20 6 US 1 HWF20613 5.6 0 PACK 20 7 S 1 PACK20782 5.1 0 HWF 40 10 US 1 HWF401011 18.4 3 PACK 40 7 US 2 PACK40762 10.6 3 
HWF 20 6 US 1 HWF20613 15 1 PACK 20 7 S 1 PACK20782 8.3 1 HWF 40 10 US 1 HWF401011 28.5 6 PACK 40 7 US 2 PACK40762 16.3 6 
HWF 20 6 US 1 HWF20613 27.8 2 PACK 20 7 S 1 PACK20782 21.4 2 HWF 40 10 US 1 HWF401011 33 7 PACK 40 7 US 2 PACK40762 23.2 7 
HWF 20 6 US 1 HWF20613 37.4 3 PACK 20 7 S 1 PACK20782 39.6 3 HWF 40 10 US 1 HWF401013 4.6 0 PACK 40 7 US 2 PACK40766 7.6 0 
HWF 20 6 US 1 HWF20613 76.5 6 PACK 20 7 S 1 PACK20782 104 6 HWF 40 10 US 1 HWF401013 10.4 1 PACK 40 7 US 2 PACK40766 13.9 1 
HWF 20 6 US 1 HWF20613 113 7 PACK 20 7 S 1 PACK20782 129 7 HWF 40 10 US 1 HWF401013 18.2 2 PACK 40 7 US 2 PACK40766 24.7 2 
HWF 20 6 US 1 HWF20615 7.3 0 PACK 20 7 S 1 PACK20788 5.5 0 HWF 40 10 US 1 HWF401013 30.9 3 PACK 40 7 US 2 PACK40766 57.7 3 
HWF 20 6 US 1 HWF20615 14.1 1 PACK 20 7 S 1 PACK20788 11.9 1 HWF 40 10 US 1 HWF401013 60.7 6 PACK 40 7 US 2 PACK40766 171 6 
HWF 20 6 US 1 HWF20615 18.4 2 PACK 20 7 S 1 PACK20788 21 2 HWF 40 10 US 1 HWF401013 69.7 7 PACK 40 7 US 2 PACK40766 207 7 
HWF 20 6 US 1 HWF20615 23.1 3 PACK 20 7 S 1 PACK20788 29.5 3 HWF 40 10 US 1 HWF401015 6.3 0 PACK 40 7 US 2 PACK40768 7.6 0 
HWF 20 6 US 1 HWF20615 71.9 6 PACK 20 7 S 1 PACK20788 72.5 6 HWF 40 10 US 1 HWF401015 9.3 1 PACK 40 7 US 2 PACK40768 14.2 1 
HWF 20 6 US 1 HWF20615 114 7 PACK 20 7 S 1 PACK20788 87.5 7 HWF 40 10 US 1 HWF401015 12.4 2 PACK 40 7 US 2 PACK40768 25.3 2 
HWF 20 6 US 1 HWF20617 5.9 0 PACK 20 9 US 2 PACK20913 4.7 0 HWF 40 10 US 1 HWF401015 15 3 PACK 40 7 US 2 PACK40768 54.2 3 
HWF 20 6 US 1 HWF20617 12.3 1 PACK 20 9 US 2 PACK20913 8.4 1 HWF 40 10 US 1 HWF401015 28.3 6 PACK 40 7 US 2 PACK40768 124.8 6 
HWF 20 6 US 1 HWF20617 20.6 2 PACK 20 9 US 2 PACK20913 16.5 2 HWF 40 10 US 1 HWF401015 32.1 7 PACK 40 7 US 2 PACK40768 157.3 7 
HWF 20 6 US 1 HWF20617 21.8 3 PACK 20 9 US 2 PACK20913 30.5 3 HWF 40 10 US 1 HWF401024 6.6 0 PACK 40 7 US 2 PACK40771 5.4 0 
HWF 20 6 US 1 HWF20617 32.6 6 PACK 20 9 US 2 PACK20913 111.8 6 HWF 40 10 US 1 HWF401024 11.3 1 PACK 40 7 US 2 PACK40771 9.4 1 
HWF 20 6 US 1 HWF20617 50.7 7 PACK 20 9 US 2 PACK20913 137.5 7 HWF 40 10 US 1 HWF401024 20.6 2 PACK 40 7 US 2 PACK40771 13.3 2 
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HWF 20 6 US 1 HWF20622 8.7 0 PACK 20 9 US 2 PACK20915 5.3 0 HWF 40 10 US 1 HWF401024 28.1 3 PACK 40 7 US 2 PACK40771 21.6 3 
HWF 20 6 US 1 HWF20622 12.6 1 PACK 20 9 US 2 PACK20915 11.5 1 HWF 40 10 US 1 HWF401024 32.5 6 PACK 40 7 US 2 PACK40771 59.3 6 
HWF 20 6 US 1 HWF20622 26.2 2 PACK 20 9 US 2 PACK20915 23.4 2 HWF 40 10 US 1 HWF401024 35.8 7 PACK 40 7 US 2 PACK40771 76.3 7 
HWF 20 6 US 1 HWF20622 32.9 3 PACK 20 9 US 2 PACK20915 49.9 3 HWF 40 10 US 1 HWF401026 9.6 0 PACK 40 7 US 2 PACK40775 4.7 0 
HWF 20 6 US 1 HWF20622 109.3 6 PACK 20 9 US 2 PACK20915 119.5 6 HWF 40 10 US 1 HWF401026 18.3 1 PACK 40 7 US 2 PACK40775 11 1 
HWF 20 6 US 1 HWF20622 181.3 7 PACK 20 9 US 2 PACK20915 141.5 7 HWF 40 10 US 1 HWF401026 24.4 2 PACK 40 7 US 2 PACK40775 20 2 
HWF 20 6 US 1 HWF20624 7.5 0 PACK 20 9 US 2 PACK20924 5.2 0 HWF 40 10 US 1 HWF401026 29.7 3 PACK 40 7 US 2 PACK40775 29.5 3 
HWF 20 6 US 1 HWF20624 13.8 1 PACK 20 9 US 2 PACK20924 11.2 1 HWF 40 10 US 1 HWF401026 70 6 PACK 40 7 US 2 PACK40775 107.7 6 
HWF 20 6 US 1 HWF20624 27.3 2 PACK 20 9 US 2 PACK20924 11.4 2 HWF 40 10 US 1 HWF401026 88 7 PACK 40 7 US 2 PACK40775 135.6 7 
HWF 20 6 US 1 HWF20624 42 3 PACK 20 9 US 2 PACK20924 25 3 HWF 40 10 US 1 HWF401035 5.4 0 PACK 40 7 US 2 PACK40777 7.4 0 
HWF 20 6 US 1 HWF20624 100.9 6 PACK 20 9 US 2 PACK20924 100.4 6 HWF 40 10 US 1 HWF401035 9.1 1 PACK 40 7 US 2 PACK40777 13.4 1 
HWF 20 6 US 1 HWF20624 153.5 7 PACK 20 9 US 2 PACK20924 131 7 HWF 40 10 US 1 HWF401035 14.4 2 PACK 40 7 US 2 PACK40777 23.8 2 
HWF 20 6 US 1 HWF20628 4.9 0 PACK 20 9 US 2 PACK20926 4.3 0 HWF 40 10 US 1 HWF401035 19.9 3 PACK 40 7 US 2 PACK40777 40 3 
HWF 20 6 US 1 HWF20628 12.3 1 PACK 20 9 US 2 PACK20926 11.3 1 HWF 40 10 US 1 HWF401035 32.3 6 PACK 40 7 US 2 PACK40777 117.4 6 
HWF 20 6 US 1 HWF20628 21.5 2 PACK 20 9 US 2 PACK20926 30.6 2 HWF 40 10 US 1 HWF401035 41 7 PACK 40 7 US 2 PACK40777 153.1 7 
HWF 20 6 US 1 HWF20628 29.7 3 PACK 20 9 US 2 PACK20926 56.4 3 HWF 40 10 US 1 HWF401039 6.6 0 PACK 40 7 US 2 PACK40779 5.1 0 
HWF 20 6 US 1 HWF20628 81 6 PACK 20 9 US 2 PACK20926 155.5 6 HWF 40 10 US 1 HWF401039 15.8 1 PACK 40 7 US 2 PACK40779 13.3 1 
HWF 20 6 US 1 HWF20628 119.5 7 PACK 20 9 US 2 PACK20926 194 7 HWF 40 10 US 1 HWF401039 22 2 PACK 40 7 US 2 PACK40779 18.9 2 
HWF 20 6 US 1 HWF20631 8 0 PACK 20 9 US 2 PACK20928 7 0 HWF 40 10 US 1 HWF401039 24 3 PACK 40 7 US 2 PACK40779 32.6 3 
HWF 20 6 US 1 HWF20631 13.5 1 PACK 20 9 US 2 PACK20928 14.3 1 HWF 40 10 US 1 HWF401039 25.5 6 PACK 40 7 US 2 PACK40779 116.1 6 
HWF 20 6 US 1 HWF20631 25.1 2 PACK 20 9 US 2 PACK20928 25.2 2 HWF 40 10 US 1 HWF401039 29 7 PACK 40 7 US 2 PACK40779 165.1 7 
HWF 20 6 US 1 HWF20631 40.3 3 PACK 20 9 US 2 PACK20928 32.5 3 HWF 40 10 US 1 HWF401042 6.3 0 PACK 40 7 US 2 PACK40784 6.5 0 
HWF 20 6 US 1 HWF20631 120.1 6 PACK 20 9 US 2 PACK20928 54.1 6 HWF 40 10 US 1 HWF401042 13.6 1 PACK 40 7 US 2 PACK40784 12.3 1 
HWF 20 6 US 1 HWF20631 162.1 7 PACK 20 9 US 2 PACK20928 69.1 7 HWF 40 10 US 1 HWF401042 19.4 2 PACK 40 7 US 2 PACK40784 21 2 
HWF 20 6 US 1 HWF20633 6.4 0 PACK 20 9 US 2 PACK20931 9.1 0 HWF 40 10 US 1 HWF401042 24.8 3 PACK 40 7 US 2 PACK40784 32.5 3 
HWF 20 6 US 1 HWF20633 9.5 1 PACK 20 9 US 2 PACK20931 15.6 1 HWF 40 10 US 1 HWF401042 41.5 6 PACK 40 7 US 2 PACK40784 68.9 6 
HWF 20 6 US 1 HWF20633 26.3 2 PACK 20 9 US 2 PACK20931 27 2 HWF 40 10 US 1 HWF401042 48.6 7 PACK 40 7 US 2 PACK40784 82 7 
HWF 20 6 US 1 HWF20633 43.6 3 PACK 20 9 US 2 PACK20931 41.2 3 HWF 40 10 US 1 HWF401044 4.8 0 PACK 40 7 US 2 PACK40788 3.8 0 
HWF 20 6 US 1 HWF20633 116.6 6 PACK 20 9 US 2 PACK20931 138.6 6 HWF 40 10 US 1 HWF401044 12 1 PACK 40 7 US 2 PACK40788 9.2 1 
HWF 20 6 US 1 HWF20633 157.1 7 PACK 20 9 US 2 PACK20931 172.6 7 HWF 40 10 US 1 HWF401044 17.5 2 PACK 40 7 US 2 PACK40788 14.8 2 
HWF 20 6 US 1 HWF20635 4.1 0 PACK 20 9 US 2 PACK20933 4.4 0 HWF 40 10 US 1 HWF401044 19.7 3 PACK 40 7 US 2 PACK40788 23.7 3 
HWF 20 6 US 1 HWF20635 8.5 1 PACK 20 9 US 2 PACK20933 10.3 1 HWF 40 10 US 1 HWF401044 34.3 6 PACK 40 7 US 2 PACK40788 79.9 6 
HWF 20 6 US 1 HWF20635 12.8 2 PACK 20 9 US 2 PACK20933 25.2 2 HWF 40 10 US 1 HWF401044 41.5 7 PACK 40 7 US 2 PACK40788 105.2 7 
HWF 20 6 US 1 HWF20635 21.8 3 PACK 20 9 US 2 PACK20933 51 3 HWF 40 10 US 1 HWF401051 7.7 0 PACK 40 8 S 1 PACK40811 6.9 0 
HWF 20 6 US 1 HWF20635 60.3 6 PACK 20 9 US 2 PACK20933 135.2 6 HWF 40 10 US 1 HWF401051 13.8 1 PACK 40 8 S 1 PACK40811 15.3 1 
HWF 20 6 US 1 HWF20635 106.5 7 PACK 20 9 US 2 PACK20933 169.5 7 HWF 40 10 US 1 HWF401051 20 2 PACK 40 8 S 1 PACK40811 21.9 2 
HWF 20 6 US 1 HWF20639 9.8 0 PACK 20 9 US 2 PACK20937 7.1 0 HWF 40 10 US 1 HWF401051 28.5 3 PACK 40 8 S 1 PACK40811 40.8 3 
HWF 20 6 US 1 HWF20639 14.3 1 PACK 20 9 US 2 PACK20937 14.2 1 HWF 40 10 US 1 HWF401051 50.3 6 PACK 40 8 S 1 PACK40811 101 6 
HWF 20 6 US 1 HWF20639 20.4 2 PACK 20 9 US 2 PACK20937 24.5 2 HWF 40 10 US 1 HWF401051 59 7 PACK 40 8 S 1 PACK40811 118 7 
HWF 20 6 US 1 HWF20639 25.5 3 PACK 20 9 US 2 PACK20937 56.6 3 HWF 40 10 US 1 HWF401057 7.6 0 PACK 40 8 S 1 PACK40817 5.2 0 
HWF 20 6 US 1 HWF20639 50 6 PACK 20 9 US 2 PACK20937 257.5 6 HWF 40 10 US 1 HWF401057 11.2 1 PACK 40 8 S 1 PACK40817 13.1 1 
HWF 20 6 US 1 HWF20639 69.5 7 PACK 20 9 US 2 PACK20937 317.5 7 HWF 40 10 US 1 HWF401057 16.9 2 PACK 40 8 S 1 PACK40817 16.4 2 
HWF 20 6 US 1 HWF20642 7 0 PACK 20 9 US 2 PACK20939 7.7 0 HWF 40 10 US 1 HWF401057 24.4 3 PACK 40 8 S 1 PACK40817 30.5 3 
HWF 20 6 US 1 HWF20642 14.6 1 PACK 20 9 US 2 PACK20939 14.5 1 HWF 40 10 US 1 HWF401057 33.7 6 PACK 40 8 S 1 PACK40817 79.8 6 
HWF 20 6 US 1 HWF20642 28.7 2 PACK 20 9 US 2 PACK20939 15 2 HWF 40 10 US 1 HWF401057 35.9 7 PACK 40 8 S 1 PACK40817 113 7 
HWF 20 6 US 1 HWF20642 29.2 3 PACK 20 9 US 2 PACK20939 31 3 HWF 40 10 US 1 HWF401071 7.1 0 PACK 40 8 S 1 PACK40819 4.1 0 
HWF 20 6 US 1 HWF20642 197 6 PACK 20 9 US 2 PACK20939 141.7 6 HWF 40 10 US 1 HWF401071 13.4 1 PACK 40 8 S 1 PACK40819 10.3 1 
HWF 20 6 US 1 HWF20642 269 7 PACK 20 9 US 2 PACK20939 175 7 HWF 40 10 US 1 HWF401071 18.8 2 PACK 40 8 S 1 PACK40819 17.2 2 
HWF 20 6 US 1 HWF20644 7.2 0 PACK 20 9 US 2 PACK20955 9.3 0 HWF 40 10 US 1 HWF401071 22.5 3 PACK 40 8 S 1 PACK40819 36.5 3 
HWF 20 6 US 1 HWF20644 14.5 1 PACK 20 9 US 2 PACK20955 14.2 1 HWF 40 10 US 1 HWF401071 38.8 6 PACK 40 8 S 1 PACK40819 143.4 6 
HWF 20 6 US 1 HWF20644 24.5 2 PACK 20 9 US 2 PACK20955 22.5 2 HWF 40 10 US 1 HWF401071 49.3 7 PACK 40 8 S 1 PACK40819 180 7 
HWF 20 6 US 1 HWF20644 30 3 PACK 20 9 US 2 PACK20955 44.7 3 HWF 40 12 US 2 HWF401211 9.5 0 PACK 40 8 S 1 PACK40822 7.9 0 
HWF 20 6 US 1 HWF20644 137 6 PACK 20 9 US 2 PACK20955 239.5 6 HWF 40 12 US 2 HWF401211 16.3 1 PACK 40 8 S 1 PACK40822 15.1 1 
HWF 20 6 US 1 HWF20644 209 7 PACK 20 9 US 2 PACK20955 279 7 HWF 40 12 US 2 HWF401211 28.4 2 PACK 40 8 S 1 PACK40822 30 2 
HWF 20 6 US 1 HWF20648 9.1 0 PACK 20 9 US 2 PACK20962 7.7 0 HWF 40 12 US 2 HWF401211 41.2 3 PACK 40 8 S 1 PACK40822 52.3 3 
HWF 20 6 US 1 HWF20648 14 1 PACK 20 9 US 2 PACK20962 12.1 1 HWF 40 12 US 2 HWF401211 68 6 PACK 40 8 S 1 PACK40822 144.6 6 
HWF 20 6 US 1 HWF20648 27.2 2 PACK 20 9 US 2 PACK20962 24.6 2 HWF 40 12 US 2 HWF401211 74 7 PACK 40 8 S 1 PACK40822 173.3 7 
HWF 20 6 US 1 HWF20648 52.8 3 PACK 20 9 US 2 PACK20962 33.4 3 HWF 40 12 US 2 HWF401213 7.6 0 PACK 40 8 S 1 PACK40826 5.4 0 
HWF 20 6 US 1 HWF20648 152.8 6 PACK 20 9 US 2 PACK20962 102.2 6 HWF 40 12 US 2 HWF401213 14.4 1 PACK 40 8 S 1 PACK40826 14.2 1 
HWF 20 6 US 1 HWF20648 191.5 7 PACK 20 9 US 2 PACK20962 125.9 7 HWF 40 12 US 2 HWF401213 24.2 2 PACK 40 8 S 1 PACK40826 27.6 2 
HWF 20 6 US 1 HWF20651 7 0 PACK 20 9 US 2 PACK20966 5 0 HWF 40 12 US 2 HWF401213 28 3 PACK 40 8 S 1 PACK40826 57.1 3 
HWF 20 6 US 1 HWF20651 12.3 1 PACK 20 9 US 2 PACK20966 8.5 1 HWF 40 12 US 2 HWF401213 42.6 6 PACK 40 8 S 1 PACK40826 165.5 6 
HWF 20 6 US 1 HWF20651 27.5 2 PACK 20 9 US 2 PACK20966 23.2 2 HWF 40 12 US 2 HWF401213 49.8 7 PACK 40 8 S 1 PACK40826 203 7 
HWF 20 6 US 1 HWF20651 53.2 3 PACK 20 9 US 2 PACK20966 58 3 HWF 40 12 US 2 HWF401215 8.4 0 PACK 40 8 S 1 PACK40828 4.6 0 
HWF 20 6 US 1 HWF20651 201 6 PACK 20 9 US 2 PACK20966 135.8 6 HWF 40 12 US 2 HWF401215 15.3 1 PACK 40 8 S 1 PACK40828 11.4 1 
HWF 20 6 US 1 HWF20651 276 7 PACK 20 9 US 2 PACK20966 192 7 HWF 40 12 US 2 HWF401215 22.3 2 PACK 40 8 S 1 PACK40828 23.2 2 
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HWF 20 6 US 1 HWF20653 6.7 0 PACK 20 9 US 2 PACK20979 6.1 0 HWF 40 12 US 2 HWF401215 26 3 PACK 40 8 S 1 PACK40828 44 3 
HWF 20 6 US 1 HWF20653 13.4 1 PACK 20 9 US 2 PACK20979 14 1 HWF 40 12 US 2 HWF401215 31 6 PACK 40 8 S 1 PACK40828 126.7 6 
HWF 20 6 US 1 HWF20653 28.2 2 PACK 20 9 US 2 PACK20979 27.5 2 HWF 40 12 US 2 HWF401215 36.3 7 PACK 40 8 S 1 PACK40828 163.1 7 
HWF 20 6 US 1 HWF20653 56.5 3 PACK 20 9 US 2 PACK20979 43.3 3 HWF 40 12 US 2 HWF401217 9.2 0 PACK 40 8 S 1 PACK40835 4.2 0 
HWF 20 6 US 1 HWF20653 227.5 6 PACK 20 9 US 2 PACK20979 155 6 HWF 40 12 US 2 HWF401217 18 1 PACK 40 8 S 1 PACK40835 11.7 1 
HWF 20 6 US 1 HWF20653 292 7 PACK 20 9 US 2 PACK20979 181 7 HWF 40 12 US 2 HWF401217 25.4 2 PACK 40 8 S 1 PACK40835 25.2 2 
HWF 20 6 US 1 HWF20657 6.3 0 PACK 20 10 S 2 PACK201013 4.7 0 HWF 40 12 US 2 HWF401217 28.2 3 PACK 40 8 S 1 PACK40835 51.4 3 
HWF 20 6 US 1 HWF20657 9.3 1 PACK 20 10 S 2 PACK201013 8.4 1 HWF 40 12 US 2 HWF401217 47 6 PACK 40 8 S 1 PACK40835 147.7 6 
HWF 20 6 US 1 HWF20657 19.6 2 PACK 20 10 S 2 PACK201013 20.1 2 HWF 40 12 US 2 HWF401217 56 7 PACK 40 8 S 1 PACK40835 180.2 7 
HWF 20 6 US 1 HWF20657 23.5 3 PACK 20 10 S 2 PACK201013 34.9 3 HWF 40 12 US 2 HWF401219 7.4 0 PACK 40 8 S 1 PACK40837 6.7 0 
HWF 20 6 US 1 HWF20657 92.7 6 PACK 20 10 S 2 PACK201013 66.8 6 HWF 40 12 US 2 HWF401219 13.8 1 PACK 40 8 S 1 PACK40837 11.1 1 
HWF 20 6 US 1 HWF20657 153 7 PACK 20 10 S 2 PACK201013 77.6 7 HWF 40 12 US 2 HWF401219 22.2 2 PACK 40 8 S 1 PACK40837 24 2 
HWF 20 6 US 1 HWF20662 7.9 0 PACK 20 10 S 2 PACK201015 5.3 0 HWF 40 12 US 2 HWF401219 22.5 3 PACK 40 8 S 1 PACK40837 41 3 
HWF 20 6 US 1 HWF20662 11.6 1 PACK 20 10 S 2 PACK201015 11.5 1 HWF 40 12 US 2 HWF401219 32.7 6 PACK 40 8 S 1 PACK40837 111.5 6 
HWF 20 6 US 1 HWF20662 21.6 2 PACK 20 10 S 2 PACK201015 31.5 2 HWF 40 12 US 2 HWF401219 41 7 PACK 40 8 S 1 PACK40837 137.1 7 
HWF 20 6 US 1 HWF20662 41.5 3 PACK 20 10 S 2 PACK201015 56.5 3 HWF 40 12 US 2 HWF401224 6.8 0 PACK 40 8 S 1 PACK40839 6.2 0 
HWF 20 6 US 1 HWF20662 122.5 6 PACK 20 10 S 2 PACK201015 113.7 6 HWF 40 12 US 2 HWF401224 12.4 1 PACK 40 8 S 1 PACK40839 13.4 1 
HWF 20 6 US 1 HWF20662 147 7 PACK 20 10 S 2 PACK201015 138.2 7 HWF 40 12 US 2 HWF401224 21.9 2 PACK 40 8 S 1 PACK40839 19.5 2 
HWF 20 6 US 1 HWF20664 12.4 0 PACK 20 10 S 2 PACK201024 8.2 0 HWF 40 12 US 2 HWF401224 26.5 3 PACK 40 8 S 1 PACK40839 34.4 3 
HWF 20 6 US 1 HWF20664 14.7 1 PACK 20 10 S 2 PACK201024 11.2 1 HWF 40 12 US 2 HWF401224 33.9 6 PACK 40 8 S 1 PACK40839 85.2 6 
HWF 20 6 US 1 HWF20664 27.5 2 PACK 20 10 S 2 PACK201024 19.8 2 HWF 40 12 US 2 HWF401224 38.9 7 PACK 40 8 S 1 PACK40839 105.3 7 
HWF 20 6 US 1 HWF20664 60.8 3 PACK 20 10 S 2 PACK201024 42 3 HWF 40 12 US 2 HWF401226 5.5 0 PACK 40 8 S 1 PACK40846 11.2 0 
HWF 20 6 US 1 HWF20664 254 6 PACK 20 10 S 2 PACK201024 92 6 HWF 40 12 US 2 HWF401226 12.4 1 PACK 40 8 S 1 PACK40846 18.8 1 
HWF 20 6 US 1 HWF20664 319 7 PACK 20 10 S 2 PACK201024 105.5 7 HWF 40 12 US 2 HWF401226 22 2 PACK 40 8 S 1 PACK40846 26.4 2 
HWF 20 6 US 1 HWF20666 8.1 0 PACK 20 10 S 2 PACK201028 7 0 HWF 40 12 US 2 HWF401226 31.8 3 PACK 40 8 S 1 PACK40846 52.2 3 
HWF 20 6 US 1 HWF20666 12.5 1 PACK 20 10 S 2 PACK201028 14.3 1 HWF 40 12 US 2 HWF401226 51.9 6 PACK 40 8 S 1 PACK40846 168.6 6 
HWF 20 6 US 1 HWF20666 21.8 2 PACK 20 10 S 2 PACK201028 24.7 2 HWF 40 12 US 2 HWF401226 62 7 PACK 40 8 S 1 PACK40846 213.1 7 
HWF 20 6 US 1 HWF20666 42.4 3 PACK 20 10 S 2 PACK201028 39.1 3 HWF 40 12 US 2 HWF401228 7.8 0 PACK 40 8 S 1 PACK40848 6.9 0 
HWF 20 6 US 1 HWF20666 144.5 6 PACK 20 10 S 2 PACK201028 65.8 6 HWF 40 12 US 2 HWF401228 12.1 1 PACK 40 8 S 1 PACK40848 14.2 1 
HWF 20 6 US 1 HWF20666 202 7 PACK 20 10 S 2 PACK201028 75 7 HWF 40 12 US 2 HWF401228 22.6 2 PACK 40 8 S 1 PACK40848 26 2 
HWF 20 6 US 1 HWF20668 5.3 0 PACK 20 10 S 2 PACK201031 9.1 0 HWF 40 12 US 2 HWF401228 37.6 3 PACK 40 8 S 1 PACK40848 46.4 3 
HWF 20 6 US 1 HWF20668 7.4 1 PACK 20 10 S 2 PACK201031 15.6 1 HWF 40 12 US 2 HWF401228 69.3 6 PACK 40 8 S 1 PACK40848 114.7 6 
HWF 20 6 US 1 HWF20668 11.3 2 PACK 20 10 S 2 PACK201031 25.4 2 HWF 40 12 US 2 HWF401228 87.5 7 PACK 40 8 S 1 PACK40848 147 7 
HWF 20 6 US 1 HWF20668 17.5 3 PACK 20 10 S 2 PACK201031 40.4 3 HWF 40 12 US 2 HWF401235 7.1 0 PACK 40 8 S 1 PACK40851 4.4 0 
HWF 20 6 US 1 HWF20668 64.3 6 PACK 20 10 S 2 PACK201031 128.7 6 HWF 40 12 US 2 HWF401235 14.9 1 PACK 40 8 S 1 PACK40851 9.4 1 
HWF 20 6 US 1 HWF20668 104 7 PACK 20 10 S 2 PACK201031 185 7 HWF 40 12 US 2 HWF401235 22 2 PACK 40 8 S 1 PACK40851 29.3 2 
HWF 20 6 US 1 HWF20671 4.8 0 PACK 20 10 S 2 PACK201035 6 0 HWF 40 12 US 2 HWF401235 28.4 3 PACK 40 8 S 1 PACK40851 51.3 3 
HWF 20 6 US 1 HWF20671 10.2 1 PACK 20 10 S 2 PACK201035 14.2 1 HWF 40 12 US 2 HWF401235 51 6 PACK 40 8 S 1 PACK40851 116.2 6 
HWF 20 6 US 1 HWF20671 30 2 PACK 20 10 S 2 PACK201035 25.9 2 HWF 40 12 US 2 HWF401235 62 7 PACK 40 8 S 1 PACK40851 136.4 7 
HWF 20 6 US 1 HWF20671 36.4 3 PACK 20 10 S 2 PACK201035 36 3 HWF 40 12 US 2 HWF401237 7.4 0 PACK 40 8 S 1 PACK40853 7 0 
HWF 20 6 US 1 HWF20671 96 6 PACK 20 10 S 2 PACK201035 84 6 HWF 40 12 US 2 HWF401237 14.6 1 PACK 40 8 S 1 PACK40853 14.2 1 
HWF 20 6 US 1 HWF20671 127 7 PACK 20 10 S 2 PACK201035 95 7 HWF 40 12 US 2 HWF401237 25.1 2 PACK 40 8 S 1 PACK40853 26.4 2 
HWF 20 6 US 1 HWF20673 5.7 0 PACK 20 10 S 2 PACK201039 7.7 0 HWF 40 12 US 2 HWF401237 28.2 3 PACK 40 8 S 1 PACK40853 51.8 3 
HWF 20 6 US 1 HWF20673 13.5 1 PACK 20 10 S 2 PACK201039 14.5 1 HWF 40 12 US 2 HWF401237 34.8 6 PACK 40 8 S 1 PACK40853 154.2 6 
HWF 20 6 US 1 HWF20673 24.2 2 PACK 20 10 S 2 PACK201039 23.5 2 HWF 40 12 US 2 HWF401237 38 7 PACK 40 8 S 1 PACK40853 186.9 7 
HWF 20 6 US 1 HWF20673 24.4 3 PACK 20 10 S 2 PACK201039 39.4 3 HWF 40 12 US 2 HWF401239 9.8 0 PACK 40 8 S 1 PACK40855 7.7 0 
HWF 20 6 US 1 HWF20673 133 6 PACK 20 10 S 2 PACK201039 110.6 6 HWF 40 12 US 2 HWF401239 15.6 1 PACK 40 8 S 1 PACK40855 11.6 1 
HWF 20 6 US 1 HWF20673 207.1 7 PACK 20 10 S 2 PACK201039 126 7 HWF 40 12 US 2 HWF401239 24.5 2 PACK 40 8 S 1 PACK40855 19.5 2 
HWF 20 6 US 1 HWF20679 8.7 0 PACK 20 10 S 2 PACK201042 6.5 0 HWF 40 12 US 2 HWF401239 31.7 3 PACK 40 8 S 1 PACK40855 32 3 
HWF 20 6 US 1 HWF20679 11.6 1 PACK 20 10 S 2 PACK201042 11.7 1 HWF 40 12 US 2 HWF401239 67.7 6 PACK 40 8 S 1 PACK40855 122.8 6 
HWF 20 6 US 1 HWF20679 19.5 2 PACK 20 10 S 2 PACK201042 26.7 2 HWF 40 12 US 2 HWF401239 93 7 PACK 40 8 S 1 PACK40855 157 7 
HWF 20 6 US 1 HWF20679 30.2 3 PACK 20 10 S 2 PACK201042 30.2 3 HWF 40 12 US 2 HWF401244 4.8 0 PACK 40 8 S 1 PACK40857 4.7 0 
HWF 20 6 US 1 HWF20679 164.9 6 PACK 20 10 S 2 PACK201042 104.6 6 HWF 40 12 US 2 HWF401244 6.6 1 PACK 40 8 S 1 PACK40857 15.6 1 
HWF 20 6 US 1 HWF20679 210.3 7 PACK 20 10 S 2 PACK201042 136.5 7 HWF 40 12 US 2 HWF401244 11.3 2 PACK 40 8 S 1 PACK40857 29.2 2 
HWF 20 6 US 1 HWF20682 11 0 PACK 20 10 S 2 PACK201044 8.2 0 HWF 40 12 US 2 HWF401244 18 3 PACK 40 8 S 1 PACK40857 45.5 3 
HWF 20 6 US 1 HWF20682 17.5 1 PACK 20 10 S 2 PACK201044 11.5 1 HWF 40 12 US 2 HWF401244 31.4 6 PACK 40 8 S 1 PACK40857 120 6 
HWF 20 6 US 1 HWF20682 22.8 2 PACK 20 10 S 2 PACK201044 22.4 2 HWF 40 12 US 2 HWF401244 36.4 7 PACK 40 8 S 1 PACK40857 161 7 
HWF 20 6 US 1 HWF20682 39.1 3 PACK 20 10 S 2 PACK201044 35.1 3 HWF 40 12 US 2 HWF401246 10.1 0 PACK 40 8 S 1 PACK40859 7.9 0 
HWF 20 6 US 1 HWF20682 114 6 PACK 20 10 S 2 PACK201044 69.3 6 HWF 40 12 US 2 HWF401246 14.8 1 PACK 40 8 S 1 PACK40859 14.6 1 
HWF 20 6 US 1 HWF20682 142 7 PACK 20 10 S 2 PACK201044 83.3 7 HWF 40 12 US 2 HWF401246 22.8 2 PACK 40 8 S 1 PACK40859 27.4 2 
HWF 20 6 US 1 HWF20684 10.3 0 PACK 20 10 S 2 PACK201046 8.7 0 HWF 40 12 US 2 HWF401246 35.3 3 PACK 40 8 S 1 PACK40859 56.9 3 
HWF 20 6 US 1 HWF20684 13.5 1 PACK 20 10 S 2 PACK201046 14.2 1 HWF 40 12 US 2 HWF401246 94.8 6 PACK 40 8 S 1 PACK40859 137.8 6 
HWF 20 6 US 1 HWF20684 29.2 2 PACK 20 10 S 2 PACK201046 26.4 2 HWF 40 12 US 2 HWF401246 115.1 7 PACK 40 8 S 1 PACK40859 173.9 7 
HWF 20 6 US 1 HWF20684 30.4 3 PACK 20 10 S 2 PACK201046 32.5 3 HWF 40 12 US 2 HWF401253 6.4 0 PACK 40 8 S 1 PACK40862 6.5 0 
HWF 20 6 US 1 HWF20684 126.3 6 PACK 20 10 S 2 PACK201046 54.1 6 HWF 40 12 US 2 HWF401253 8.4 1 PACK 40 8 S 1 PACK40862 13.3 1 
HWF 20 6 US 1 HWF20684 177.3 7 PACK 20 10 S 2 PACK201046 63.2 7 HWF 40 12 US 2 HWF401253 16.3 2 PACK 40 8 S 1 PACK40862 27 2 
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HWF 20 6 US 1 HWF20686 9.9 0 PACK 20 10 S 2 PACK201048 5.5 0 HWF 40 12 US 2 HWF401253 24.2 3 PACK 40 8 S 1 PACK40862 50.5 3 
HWF 20 6 US 1 HWF20686 16.7 1 PACK 20 10 S 2 PACK201048 9 1 HWF 40 12 US 2 HWF401253 33.2 6 PACK 40 8 S 1 PACK40862 118.6 6 
HWF 20 6 US 1 HWF20686 20.6 2 PACK 20 10 S 2 PACK201048 17.4 2 HWF 40 12 US 2 HWF401253 37.1 7 PACK 40 8 S 1 PACK40862 140.1 7 
HWF 20 6 US 1 HWF20686 23.4 3 PACK 20 10 S 2 PACK201048 26.6 3 HWF 40 12 US 2 HWF401255 5.8 0 PACK 40 8 S 1 PACK40864 6.6 0 
HWF 20 6 US 1 HWF20686 69.6 6 PACK 20 10 S 2 PACK201048 74.7 6 HWF 40 12 US 2 HWF401255 10.5 1 PACK 40 8 S 1 PACK40864 16.2 1 
HWF 20 6 US 1 HWF20686 98.6 7 PACK 20 10 S 2 PACK201048 93.2 7 HWF 40 12 US 2 HWF401255 21.1 2 PACK 40 8 S 1 PACK40864 36.5 2 
HWF 20 6 US 1 HWF20688 6.3 0 PACK 20 10 S 2 PACK201055 9.3 0 HWF 40 12 US 2 HWF401255 32.4 3 PACK 40 8 S 1 PACK40864 71.9 3 
HWF 20 6 US 1 HWF20688 11.8 1 PACK 20 10 S 2 PACK201055 14.2 1 HWF 40 12 US 2 HWF401255 81.6 6 PACK 40 8 S 1 PACK40864 188 6 
HWF 20 6 US 1 HWF20688 31.2 2 PACK 20 10 S 2 PACK201055 22.2 2 HWF 40 12 US 2 HWF401255 90.2 7 PACK 40 8 S 1 PACK40864 227 7 
HWF 20 6 US 1 HWF20688 45.8 3 PACK 20 10 S 2 PACK201055 31.3 3 HWF 40 12 US 2 HWF401257 9.2 0 PACK 40 8 S 1 PACK40866 7.1 0 
HWF 20 6 US 1 HWF20688 138.1 6 PACK 20 10 S 2 PACK201055 63.4 6 HWF 40 12 US 2 HWF401257 11.7 1 PACK 40 8 S 1 PACK40866 12.6 1 
HWF 20 6 US 1 HWF20688 173 7 PACK 20 10 S 2 PACK201055 73.5 7 HWF 40 12 US 2 HWF401257 16.4 2 PACK 40 8 S 1 PACK40866 23.4 2 
HWF 20 7 S 2 HWF20713 7.5 0 PACK 20 10 S 2 PACK201057 6.7 0 HWF 40 12 US 2 HWF401257 28.8 3 PACK 40 8 S 1 PACK40866 41.5 3 
HWF 20 7 S 2 HWF20713 15.9 1 PACK 20 10 S 2 PACK201057 10.6 1 HWF 40 12 US 2 HWF401257 72.6 6 PACK 40 8 S 1 PACK40866 119.6 6 
HWF 20 7 S 2 HWF20713 25.6 2 PACK 20 10 S 2 PACK201057 15.8 2 HWF 40 12 US 2 HWF401257 89.8 7 PACK 40 8 S 1 PACK40866 157 7 
HWF 20 7 S 2 HWF20713 37 3 PACK 20 10 S 2 PACK201057 17.2 3 HWF 40 12 US 2 HWF401259 8.6 0 PACK 40 8 S 1 PACK40868 9.8 0 
HWF 20 7 S 2 HWF20713 94.2 6 PACK 20 10 S 2 PACK201057 35.9 6 HWF 40 12 US 2 HWF401259 12.1 1 PACK 40 8 S 1 PACK40868 17 1 
HWF 20 7 S 2 HWF20713 118.7 7 PACK 20 10 S 2 PACK201057 47.9 7 HWF 40 12 US 2 HWF401259 20.2 2 PACK 40 8 S 1 PACK40868 30.7 2 
HWF 20 7 S 2 HWF20717 8.9 0 PACK 20 10 S 2 PACK201064 4.9 0 HWF 40 12 US 2 HWF401259 28 3 PACK 40 8 S 1 PACK40868 56.3 3 
HWF 20 7 S 2 HWF20717 18.3 1 PACK 20 10 S 2 PACK201064 13.7 1 HWF 40 12 US 2 HWF401259 35.3 6 PACK 40 8 S 1 PACK40868 67 6 
HWF 20 7 S 2 HWF20717 27.2 2 PACK 20 10 S 2 PACK201064 24.7 2 HWF 40 12 US 2 HWF401259 42.3 7 PACK 40 8 S 1 PACK40868 107 7 
HWF 20 7 S 2 HWF20717 40.9 3 PACK 20 10 S 2 PACK201064 35.4 3 HWF 40 12 US 2 HWF401264 11 0 PACK 40 8 S 1 PACK40873 6.6 0 
HWF 20 7 S 2 HWF20717 114.3 6 PACK 20 10 S 2 PACK201064 61.5 6 HWF 40 12 US 2 HWF401264 15 1 PACK 40 8 S 1 PACK40873 9.5 1 
HWF 20 7 S 2 HWF20717 157.8 7 PACK 20 10 S 2 PACK201064 77.5 7 HWF 40 12 US 2 HWF401264 23.6 2 PACK 40 8 S 1 PACK40873 16.4 2 
HWF 20 7 S 2 HWF20724 10.5 0 PACK 20 10 S 2 PACK201075 6.6 0 HWF 40 12 US 2 HWF401264 32.1 3 PACK 40 8 S 1 PACK40873 35.5 3 
HWF 20 7 S 2 HWF20724 20 1 PACK 20 10 S 2 PACK201075 10.7 1 HWF 40 12 US 2 HWF401264 48.2 6 PACK 40 8 S 1 PACK40873 89.7 6 
HWF 20 7 S 2 HWF20724 29.9 2 PACK 20 10 S 2 PACK201075 19.3 2 HWF 40 12 US 2 HWF401264 62 7 PACK 40 8 S 1 PACK40873 113.3 7 
HWF 20 7 S 2 HWF20724 40.4 3 PACK 20 10 S 2 PACK201075 30.5 3 HWF 40 12 US 2 HWF401268 5.3 0 PACK 40 8 S 1 PACK40875 7.8 0 
HWF 20 7 S 2 HWF20724 127.5 6 PACK 20 10 S 2 PACK201075 150.4 6 HWF 40 12 US 2 HWF401268 12.6 1 PACK 40 8 S 1 PACK40875 14.8 1 
HWF 20 7 S 2 HWF20724 163 7 PACK 20 10 S 2 PACK201075 182 7 HWF 40 12 US 2 HWF401268 23.9 2 PACK 40 8 S 1 PACK40875 29.9 2 
HWF 20 7 S 2 HWF20728 6.6 0 PACK 20 10 S 2 PACK201077 4 0 HWF 40 12 US 2 HWF401268 28.6 3 PACK 40 8 S 1 PACK40875 47.7 3 
HWF 20 7 S 2 HWF20728 13.4 1 PACK 20 10 S 2 PACK201077 10.3 1 HWF 40 12 US 2 HWF401268 45.9 6 PACK 40 8 S 1 PACK40875 132.8 6 
HWF 20 7 S 2 HWF20728 21.5 2 PACK 20 10 S 2 PACK201077 19.6 2 HWF 40 12 US 2 HWF401268 53.4 7 PACK 40 8 S 1 PACK40875 165 7 
HWF 20 7 S 2 HWF20728 28 3 PACK 20 10 S 2 PACK201077 22.1 3 HWF 40 12 US 2 HWF401271 7.2 0 PACK 40 8 S 1 PACK40877 6.1 0 
HWF 20 7 S 2 HWF20728 48.2 6 PACK 20 10 S 2 PACK201077 47.5 6 HWF 40 12 US 2 HWF401271 14.2 1 PACK 40 8 S 1 PACK40877 13.4 1 
HWF 20 7 S 2 HWF20728 65.7 7 PACK 20 10 S 2 PACK201077 59.5 7 HWF 40 12 US 2 HWF401271 22.4 2 PACK 40 8 S 1 PACK40877 23.8 2 
HWF 20 7 S 2 HWF20731 8.1 0 PACK 20 10 S 2 PACK201079 6.1 0 HWF 40 12 US 2 HWF401271 31.9 3 PACK 40 8 S 1 PACK40877 45.5 3 
HWF 20 7 S 2 HWF20731 14.3 1 PACK 20 10 S 2 PACK201079 14 1 HWF 40 12 US 2 HWF401271 62.1 6 PACK 40 8 S 1 PACK40877 150.8 6 
HWF 20 7 S 2 HWF20731 30.8 2 PACK 20 10 S 2 PACK201079 25 2 HWF 40 12 US 2 HWF401271 75 7 PACK 40 8 S 1 PACK40877 189 7 
HWF 20 7 S 2 HWF20731 40.3 3 PACK 20 10 S 2 PACK201079 35.6 3 HWF 40 12 US 2 HWF401275 5.4 0 PACK 40 8 S 1 PACK40879 5.5 0 
HWF 20 7 S 2 HWF20731 74 6 PACK 20 10 S 2 PACK201079 70.9 6 HWF 40 12 US 2 HWF401275 13.2 1 PACK 40 8 S 1 PACK40879 12.4 1 
HWF 20 7 S 2 HWF20731 103 7 PACK 20 10 S 2 PACK201079 88 7 HWF 40 12 US 2 HWF401275 23.7 2 PACK 40 8 S 1 PACK40879 24.6 2 
HWF 20 7 S 2 HWF20757 7.6 0 PACK 20 10 S 2 PACK201088 3.7 0 HWF 40 12 US 2 HWF401275 34 3 PACK 40 8 S 1 PACK40879 51.9 3 
HWF 20 7 S 2 HWF20757 15.4 1 PACK 20 10 S 2 PACK201088 8.2 1 HWF 40 12 US 2 HWF401275 64.6 6 PACK 40 8 S 1 PACK40879 159.2 6 
HWF 20 7 S 2 HWF20757 19.8 2 PACK 20 10 S 2 PACK201088 17.1 2 HWF 40 12 US 2 HWF401275 73.3 7 PACK 40 8 S 1 PACK40879 198 7 
HWF 20 7 S 2 HWF20757 34.7 3 PACK 20 10 S 2 PACK201088 31.4 3 HWF 40 12 US 2 HWF401277 6.1 0 PACK 40 8 S 1 PACK40882 11.1 0 
HWF 20 7 S 2 HWF20757 78.6 6 PACK 20 10 S 2 PACK201088 77 6 HWF 40 12 US 2 HWF401277 8.1 1 PACK 40 8 S 1 PACK40882 17.3 1 
HWF 20 7 S 2 HWF20757 105 7 PACK 20 10 S 2 PACK201088 98 7 HWF 40 12 US 2 HWF401277 16.2 2 PACK 40 8 S 1 PACK40882 39.1 2 
HWF 20 7 S 2 HWF20762 7.3 0 PACK 40 1 US 1 PACK40111 8.9 0 HWF 40 12 US 2 HWF401277 21.2 3 PACK 40 8 S 1 PACK40882 73.1 3 
HWF 20 7 S 2 HWF20762 11.6 1 PACK 40 1 US 1 PACK40111 11.1 1 HWF 40 12 US 2 HWF401277 37.6 6 PACK 40 8 S 1 PACK40882 185.4 6 
HWF 20 7 S 2 HWF20762 16.4 2 PACK 40 1 US 1 PACK40111 19 2 HWF 40 12 US 2 HWF401277 41 7 PACK 40 8 S 1 PACK40882 222.4 7 
HWF 20 7 S 2 HWF20762 30.4 3 PACK 40 1 US 1 PACK40111 26.8 3 HWF 40 12 US 2 HWF401282 3 0 PACK 40 8 S 1 PACK40884 7.5 0 
HWF 20 7 S 2 HWF20762 87.7 6 PACK 40 1 US 1 PACK40111 48.2 6 HWF 40 12 US 2 HWF401282 5.8 1 PACK 40 8 S 1 PACK40884 8.7 1 
HWF 20 7 S 2 HWF20762 114.2 7 PACK 40 1 US 1 PACK40111 57 7 HWF 40 12 US 2 HWF401282 6.9 2 PACK 40 8 S 1 PACK40884 17.3 2 
HWF 20 7 S 2 HWF20764 8 0 PACK 40 1 US 1 PACK40113 5.7 0 HWF 40 12 US 2 HWF401282 17.6 3 PACK 40 8 S 1 PACK40884 27.2 3 
HWF 20 7 S 2 HWF20764 14.4 1 PACK 40 1 US 1 PACK40113 13 1 HWF 40 12 US 2 HWF401282 33.3 6 PACK 40 8 S 1 PACK40884 75.7 6 
HWF 20 7 S 2 HWF20764 21.5 2 PACK 40 1 US 1 PACK40113 18.1 2 HWF 40 12 US 2 HWF401282 41.3 7 PACK 40 8 S 1 PACK40884 106.5 7 
HWF 20 7 S 2 HWF20764 37.7 3 PACK 40 1 US 1 PACK40113 18.4 3 HWF 40 12 US 2 HWF401284 5.6 0 PACK 40 8 S 1 PACK40886 6.2 0 
HWF 20 7 S 2 HWF20764 62.5 6 PACK 40 1 US 1 PACK40113 25.9 6 HWF 40 12 US 2 HWF401284 9.1 1 PACK 40 8 S 1 PACK40886 12.5 1 
HWF 20 7 S 2 HWF20764 70.7 7 PACK 40 1 US 1 PACK40113 32.4 7 HWF 40 12 US 2 HWF401284 17 2 PACK 40 8 S 1 PACK40886 20.5 2 
HWF 20 7 S 2 HWF20766 8.3 0 PACK 40 1 US 1 PACK40115 7 0 HWF 40 12 US 2 HWF401284 27.7 3 PACK 40 8 S 1 PACK40886 36.6 3 
HWF 20 7 S 2 HWF20766 19.5 1 PACK 40 1 US 1 PACK40115 15.6 1 HWF 40 12 US 2 HWF401284 45.2 6 PACK 40 8 S 1 PACK40886 106.5 6 
HWF 20 7 S 2 HWF20766 23.6 2 PACK 40 1 US 1 PACK40115 20.4 2 HWF 40 12 US 2 HWF401284 54.9 7 PACK 40 8 S 1 PACK40886 131 7 
HWF 20 7 S 2 HWF20766 41.5 3 PACK 40 1 US 1 PACK40115 23.5 3 HWF 40 12 US 2 HWF401288 3.1 0 PACK 40 8 S 1 PACK40888 6 0 
HWF 20 7 S 2 HWF20766 129 6 PACK 40 1 US 1 PACK40115 30 6 HWF 40 12 US 2 HWF401288 6.8 1 PACK 40 8 S 1 PACK40888 12.4 1 
HWF 20 7 S 2 HWF20766 159 7 PACK 40 1 US 1 PACK40115 35.4 7 HWF 40 12 US 2 HWF401288 10.4 2 PACK 40 8 S 1 PACK40888 20.8 2 
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HWF 20 7 S 2 HWF20768 5.1 0 PACK 40 1 US 1 PACK40117 5.6 0 HWF 40 12 US 2 HWF401288 18.2 3 PACK 40 8 S 1 PACK40888 39.6 3 
HWF 20 7 S 2 HWF20768 12.3 1 PACK 40 1 US 1 PACK40117 14.4 1 HWF 40 12 US 2 HWF401288 32.2 6 PACK 40 8 S 1 PACK40888 124 6 
HWF 20 7 S 2 HWF20768 18 2 PACK 40 1 US 1 PACK40117 26.7 2 HWF 40 12 US 2 HWF401288 40.1 7 PACK 40 8 S 1 PACK40888 157.1 7 
HWF 20 7 S 2 HWF20768 28.4 3 PACK 40 1 US 1 PACK40117 32.8 3 PACK 20 4 US 1 PACK20411 5.1 0 PACK 40 10 S 2 PACK401011 7.9 0 
HWF 20 7 S 2 HWF20768 46.4 6 PACK 40 1 US 1 PACK40117 56.2 6 PACK 20 4 US 1 PACK20411 14.2 1 PACK 40 10 S 2 PACK401011 14.6 1 
HWF 20 7 S 2 HWF20768 69.9 7 PACK 40 1 US 1 PACK40117 73.2 7 PACK 20 4 US 1 PACK20411 27.5 2 PACK 40 10 S 2 PACK401011 20.2 2 
HWF 20 7 S 2 HWF20771 3.9 0 PACK 40 1 US 1 PACK40122 7.3 0 PACK 20 4 US 1 PACK20411 51.6 3 PACK 40 10 S 2 PACK401011 30.6 3 
HWF 20 7 S 2 HWF20771 9.1 1 PACK 40 1 US 1 PACK40122 16.8 1 PACK 20 4 US 1 PACK20411 131.4 6 PACK 40 10 S 2 PACK401011 74.6 6 
HWF 20 7 S 2 HWF20771 18.1 2 PACK 40 1 US 1 PACK40122 21.5 2 PACK 20 4 US 1 PACK20411 158 7 PACK 40 10 S 2 PACK401011 91.6 7 
HWF 20 7 S 2 HWF20771 24.1 3 PACK 40 1 US 1 PACK40122 25.1 3 PACK 20 4 US 1 PACK20413 6.7 0 PACK 40 10 S 2 PACK401013 8.6 0 
HWF 20 7 S 2 HWF20771 47.9 6 PACK 40 1 US 1 PACK40122 33.7 6 PACK 20 4 US 1 PACK20413 16.1 1 PACK 40 10 S 2 PACK401013 13 1 
HWF 20 7 S 2 HWF20771 59.4 7 PACK 40 1 US 1 PACK40122 41 7 PACK 20 4 US 1 PACK20413 34.5 2 PACK 40 10 S 2 PACK401013 19.6 2 
HWF 20 7 S 2 HWF20775 8.6 0 PACK 40 1 US 1 PACK40124 4.8 0 PACK 20 4 US 1 PACK20413 57.9 3 PACK 40 10 S 2 PACK401013 30 3 
HWF 20 7 S 2 HWF20775 16.3 1 PACK 40 1 US 1 PACK40124 8.6 1 PACK 20 4 US 1 PACK20413 127.5 6 PACK 40 10 S 2 PACK401013 74.2 6 
HWF 20 7 S 2 HWF20775 25.4 2 PACK 40 1 US 1 PACK40124 12.5 2 PACK 20 4 US 1 PACK20413 157.2 7 PACK 40 10 S 2 PACK401013 90.7 7 
HWF 20 7 S 2 HWF20775 34.5 3 PACK 40 1 US 1 PACK40124 15.5 3 PACK 20 4 US 1 PACK20419 5.4 0 PACK 40 10 S 2 PACK401015 9 0 
HWF 20 7 S 2 HWF20775 78.1 6 PACK 40 1 US 1 PACK40124 20.8 6 PACK 20 4 US 1 PACK20419 10.4 1 PACK 40 10 S 2 PACK401015 16 1 
HWF 20 7 S 2 HWF20775 98 7 PACK 40 1 US 1 PACK40124 25.6 7 PACK 20 4 US 1 PACK20419 21.8 2 PACK 40 10 S 2 PACK401015 27.5 2 
HWF 20 7 S 2 HWF20777 9.2 0 PACK 40 1 US 1 PACK40126 6 0 PACK 20 4 US 1 PACK20419 26.5 3 PACK 40 10 S 2 PACK401015 42.3 3 
HWF 20 7 S 2 HWF20777 15.4 1 PACK 40 1 US 1 PACK40126 11.5 1 PACK 20 4 US 1 PACK20419 65.9 6 PACK 40 10 S 2 PACK401015 106.5 6 
HWF 20 7 S 2 HWF20777 26.9 2 PACK 40 1 US 1 PACK40126 19.3 2 PACK 20 4 US 1 PACK20419 88.4 7 PACK 40 10 S 2 PACK401015 135 7 
HWF 20 7 S 2 HWF20777 35.3 3 PACK 40 1 US 1 PACK40126 23.8 3 PACK 20 4 US 1 PACK20422 6.5 0 PACK 40 10 S 2 PACK401017 5.9 0 
HWF 20 7 S 2 HWF20777 111.6 6 PACK 40 1 US 1 PACK40126 30.9 6 PACK 20 4 US 1 PACK20422 9.3 1 PACK 40 10 S 2 PACK401017 12.9 1 
HWF 20 7 S 2 HWF20777 128.6 7 PACK 40 1 US 1 PACK40126 40.2 7 PACK 20 4 US 1 PACK20422 20.3 2 PACK 40 10 S 2 PACK401017 17.3 2 
HWF 20 7 S 2 HWF20786 9.4 0 PACK 40 1 US 1 PACK40128 7.2 0 PACK 20 4 US 1 PACK20422 35.8 3 PACK 40 10 S 2 PACK401017 23.5 3 
HWF 20 7 S 2 HWF20786 18.8 1 PACK 40 1 US 1 PACK40128 16.8 1 PACK 20 4 US 1 PACK20422 85 6 PACK 40 10 S 2 PACK401017 59.9 6 
HWF 20 7 S 2 HWF20786 29.6 2 PACK 40 1 US 1 PACK40128 24.4 2 PACK 20 4 US 1 PACK20422 107.5 7 PACK 40 10 S 2 PACK401017 75.4 7 
HWF 20 7 S 2 HWF20786 48.3 3 PACK 40 1 US 1 PACK40128 35.2 3 PACK 20 4 US 1 PACK20424 6 0 PACK 40 10 S 2 PACK401024 9.2 0 
HWF 20 7 S 2 HWF20786 212.8 6 PACK 40 1 US 1 PACK40128 94.2 6 PACK 20 4 US 1 PACK20424 10.4 1 PACK 40 10 S 2 PACK401024 17.2 1 
HWF 20 7 S 2 HWF20786 262 7 PACK 40 1 US 1 PACK40128 113.8 7 PACK 20 4 US 1 PACK20424 15.2 2 PACK 40 10 S 2 PACK401024 26.7 2 
HWF 20 8 US 2 HWF20811 6.4 0 PACK 40 1 US 1 PACK40133 5.4 0 PACK 20 4 US 1 PACK20424 19.9 3 PACK 40 10 S 2 PACK401024 37 3 
HWF 20 8 US 2 HWF20811 14.2 1 PACK 40 1 US 1 PACK40133 13 1 PACK 20 4 US 1 PACK20424 25.1 6 PACK 40 10 S 2 PACK401024 58.5 6 
HWF 20 8 US 2 HWF20811 26.4 2 PACK 40 1 US 1 PACK40133 15.6 2 PACK 20 4 US 1 PACK20424 27.6 7 PACK 40 10 S 2 PACK401024 73.5 7 
HWF 20 8 US 2 HWF20811 47.3 3 PACK 40 1 US 1 PACK40133 18.6 3 PACK 20 4 US 1 PACK20426 8.1 0 PACK 40 10 S 2 PACK401026 7.2 0 
HWF 20 8 US 2 HWF20811 142.6 6 PACK 40 1 US 1 PACK40133 21.8 6 PACK 20 4 US 1 PACK20426 11.3 1 PACK 40 10 S 2 PACK401026 13.8 1 
HWF 20 8 US 2 HWF20811 195 7 PACK 40 1 US 1 PACK40133 27.6 7 PACK 20 4 US 1 PACK20426 23.2 2 PACK 40 10 S 2 PACK401026 24.6 2 
HWF 20 8 US 2 HWF20815 7.1 0 PACK 40 1 US 1 PACK40135 7 0 PACK 20 4 US 1 PACK20426 43.3 3 PACK 40 10 S 2 PACK401026 37.4 3 
HWF 20 8 US 2 HWF20815 13.9 1 PACK 40 1 US 1 PACK40135 13.7 1 PACK 20 4 US 1 PACK20426 123.3 6 PACK 40 10 S 2 PACK401026 71.6 6 
HWF 20 8 US 2 HWF20815 25.9 2 PACK 40 1 US 1 PACK40135 15.9 2 PACK 20 4 US 1 PACK20426 143.4 7 PACK 40 10 S 2 PACK401026 83.6 7 
HWF 20 8 US 2 HWF20815 44.4 3 PACK 40 1 US 1 PACK40135 18.8 3 PACK 20 4 US 1 PACK20428 9.7 0 PACK 40 10 S 2 PACK401035 3.7 0 
HWF 20 8 US 2 HWF20815 124.7 6 PACK 40 1 US 1 PACK40135 24.4 6 PACK 20 4 US 1 PACK20428 14.5 1 PACK 40 10 S 2 PACK401035 11 1 
HWF 20 8 US 2 HWF20815 129.2 7 PACK 40 1 US 1 PACK40135 28.9 7 PACK 20 4 US 1 PACK20428 22.7 2 PACK 40 10 S 2 PACK401035 22.6 2 
HWF 20 8 US 2 HWF20824 11.7 0 PACK 40 1 US 1 PACK40137 7.7 0 PACK 20 4 US 1 PACK20428 34.9 3 PACK 40 10 S 2 PACK401035 29.7 3 
HWF 20 8 US 2 HWF20824 15.6 1 PACK 40 1 US 1 PACK40137 15 1 PACK 20 4 US 1 PACK20428 79.5 6 PACK 40 10 S 2 PACK401035 51.3 6 
HWF 20 8 US 2 HWF20824 26.5 2 PACK 40 1 US 1 PACK40137 17.8 2 PACK 20 4 US 1 PACK20428 108 7 PACK 40 10 S 2 PACK401035 69.9 7 
HWF 20 8 US 2 HWF20824 58.2 3 PACK 40 1 US 1 PACK40137 21.6 3 PACK 20 4 US 1 PACK20431 5.8 0 PACK 40 10 S 2 PACK401037 6.7 0 
HWF 20 8 US 2 HWF20824 131.1 6 PACK 40 1 US 1 PACK40137 47 6 PACK 20 4 US 1 PACK20431 14.2 1 PACK 40 10 S 2 PACK401037 12.8 1 
HWF 20 8 US 2 HWF20824 157.5 7 PACK 40 1 US 1 PACK40137 54 7 PACK 20 4 US 1 PACK20431 31 2 PACK 40 10 S 2 PACK401037 22.5 2 
HWF 20 8 US 2 HWF20826 7.6 0 PACK 40 1 US 1 PACK40142 6.9 0 PACK 20 4 US 1 PACK20431 60.4 3 PACK 40 10 S 2 PACK401037 31.1 3 
HWF 20 8 US 2 HWF20826 13.7 1 PACK 40 1 US 1 PACK40142 14.5 1 PACK 20 4 US 1 PACK20431 169.6 6 PACK 40 10 S 2 PACK401037 59.5 6 
HWF 20 8 US 2 HWF20826 25.3 2 PACK 40 1 US 1 PACK40142 18.3 2 PACK 20 4 US 1 PACK20431 219 7 PACK 40 10 S 2 PACK401037 76.6 7 
HWF 20 8 US 2 HWF20826 45.4 3 PACK 40 1 US 1 PACK40142 21.9 3 PACK 20 4 US 1 PACK20433 5.3 0 PACK 40 10 S 2 PACK401039 9.9 0 
HWF 20 8 US 2 HWF20826 51.9 6 PACK 40 1 US 1 PACK40142 27 6 PACK 20 4 US 1 PACK20433 13.2 1 PACK 40 10 S 2 PACK401039 15.7 1 
HWF 20 8 US 2 HWF20826 62 7 PACK 40 1 US 1 PACK40142 30.2 7 PACK 20 4 US 1 PACK20433 30.8 2 PACK 40 10 S 2 PACK401039 24.5 2 
HWF 20 8 US 2 HWF20833 7.3 0 PACK 40 1 US 1 PACK40148 4.9 0 PACK 20 4 US 1 PACK20433 56.6 3 PACK 40 10 S 2 PACK401039 37.3 3 
HWF 20 8 US 2 HWF20833 10.8 1 PACK 40 1 US 1 PACK40148 11.2 1 PACK 20 4 US 1 PACK20433 140 6 PACK 40 10 S 2 PACK401039 80 6 
HWF 20 8 US 2 HWF20833 28.3 2 PACK 40 1 US 1 PACK40148 18 2 PACK 20 4 US 1 PACK20433 167.5 7 PACK 40 10 S 2 PACK401039 99 7 
HWF 20 8 US 2 HWF20833 43.3 3 PACK 40 1 US 1 PACK40148 27.4 3 PACK 20 4 US 1 PACK20435 7.6 0 PACK 40 10 S 2 PACK401042 3.9 0 
HWF 20 8 US 2 HWF20833 133.3 6 PACK 40 1 US 1 PACK40148 37.1 6 PACK 20 4 US 1 PACK20435 15.1 1 PACK 40 10 S 2 PACK401042 10.7 1 
HWF 20 8 US 2 HWF20833 159.3 7 PACK 40 1 US 1 PACK40148 47 7 PACK 20 4 US 1 PACK20435 25.7 2 PACK 40 10 S 2 PACK401042 21.8 2 
HWF 20 8 US 2 HWF20837 5.4 0 PACK 40 1 US 1 PACK40153 6 0 PACK 20 4 US 1 PACK20435 43.6 3 PACK 40 10 S 2 PACK401042 37.3 3 
HWF 20 8 US 2 HWF20837 10.4 1 PACK 40 1 US 1 PACK40153 12.5 1 PACK 20 4 US 1 PACK20435 106.8 6 PACK 40 10 S 2 PACK401042 75.9 6 
HWF 20 8 US 2 HWF20837 18 2 PACK 40 1 US 1 PACK40153 20.8 2 PACK 20 4 US 1 PACK20435 134.3 7 PACK 40 10 S 2 PACK401042 95.4 7 
HWF 20 8 US 2 HWF20837 31.4 3 PACK 40 1 US 1 PACK40153 26.2 3 PACK 20 4 US 1 PACK20437 4.8 0 PACK 40 10 S 2 PACK401046 6.1 0 
HWF 20 8 US 2 HWF20837 62.6 6 PACK 40 1 US 1 PACK40153 37.4 6 PACK 20 4 US 1 PACK20437 11.2 1 PACK 40 10 S 2 PACK401046 8.5 1 
HWF 20 8 US 2 HWF20837 79.5 7 PACK 40 1 US 1 PACK40153 38.4 7 PACK 20 4 US 1 PACK20437 17.6 2 PACK 40 10 S 2 PACK401046 15.8 2 
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HWF 20 8 US 2 HWF20839 7.2 0 PACK 40 1 US 1 PACK40157 4.9 0 PACK 20 4 US 1 PACK20437 31.6 3 PACK 40 10 S 2 PACK401046 24.4 3 
HWF 20 8 US 2 HWF20839 15.3 1 PACK 40 1 US 1 PACK40157 8.1 1 PACK 20 4 US 1 PACK20437 83.8 6 PACK 40 10 S 2 PACK401046 48.1 6 
HWF 20 8 US 2 HWF20839 24.6 2 PACK 40 1 US 1 PACK40157 12.3 2 PACK 20 4 US 1 PACK20437 105.4 7 PACK 40 10 S 2 PACK401046 65.7 7 
HWF 20 8 US 2 HWF20839 36.1 3 PACK 40 1 US 1 PACK40157 15.1 3 PACK 20 4 US 1 PACK20439 6.2 0 PACK 40 10 S 2 PACK401048 4.6 0 
HWF 20 8 US 2 HWF20839 55.5 6 PACK 40 1 US 1 PACK40157 19 6 PACK 20 4 US 1 PACK20439 14.5 1 PACK 40 10 S 2 PACK401048 12 1 
HWF 20 8 US 2 HWF20839 57.3 7 PACK 40 1 US 1 PACK40157 19.5 7 PACK 20 4 US 1 PACK20439 30.9 2 PACK 40 10 S 2 PACK401048 17.6 2 
HWF 20 8 US 2 HWF20842 7.5 0 PACK 40 1 US 1 PACK40159 8.5 0 PACK 20 4 US 1 PACK20439 53.2 3 PACK 40 10 S 2 PACK401048 25.6 3 
HWF 20 8 US 2 HWF20842 14 1 PACK 40 1 US 1 PACK40159 16.4 1 PACK 20 4 US 1 PACK20439 89 6 PACK 40 10 S 2 PACK401048 42.2 6 
HWF 20 8 US 2 HWF20842 30.2 2 PACK 40 1 US 1 PACK40159 25.4 2 PACK 20 4 US 1 PACK20439 108 7 PACK 40 10 S 2 PACK401048 54.5 7 
HWF 20 8 US 2 HWF20842 47.7 3 PACK 40 1 US 1 PACK40159 33.7 3 PACK 20 4 US 1 PACK20446 4.5 0 PACK 40 10 S 2 PACK401055 3.9 0 
HWF 20 8 US 2 HWF20842 61.1 6 PACK 40 1 US 1 PACK40159 63.4 6 PACK 20 4 US 1 PACK20446 7.3 1 PACK 40 10 S 2 PACK401055 10 1 
HWF 20 8 US 2 HWF20842 79.6 7 PACK 40 1 US 1 PACK40159 78.4 7 PACK 20 4 US 1 PACK20446 13.3 2 PACK 40 10 S 2 PACK401055 14.5 2 
HWF 20 8 US 2 HWF20851 4.8 0 PACK 40 1 US 1 PACK40162 6 0 PACK 20 4 US 1 PACK20446 25.6 3 PACK 40 10 S 2 PACK401055 20.7 3 
HWF 20 8 US 2 HWF20851 10.6 1 PACK 40 1 US 1 PACK40162 11.1 1 PACK 20 4 US 1 PACK20446 84.4 6 PACK 40 10 S 2 PACK401055 58.2 6 
HWF 20 8 US 2 HWF20851 22.5 2 PACK 40 1 US 1 PACK40162 18.7 2 PACK 20 4 US 1 PACK20446 106.7 7 PACK 40 10 S 2 PACK401055 64 7 
HWF 20 8 US 2 HWF20851 40.2 3 PACK 40 1 US 1 PACK40162 27.4 3 PACK 20 4 US 1 PACK20448 7.5 0 PACK 40 10 S 2 PACK401057 8.1 0 
HWF 20 8 US 2 HWF20851 76 6 PACK 40 1 US 1 PACK40162 49 6 PACK 20 4 US 1 PACK20448 10.7 1 PACK 40 10 S 2 PACK401057 14.4 1 
HWF 20 8 US 2 HWF20851 103.5 7 PACK 40 1 US 1 PACK40162 57 7 PACK 20 4 US 1 PACK20448 22.5 2 PACK 40 10 S 2 PACK401057 30.5 2 
HWF 20 8 US 2 HWF20853 6.1 0 PACK 40 1 US 1 PACK40164 7.5 0 PACK 20 4 US 1 PACK20448 39.5 3 PACK 40 10 S 2 PACK401057 46 3 
HWF 20 8 US 2 HWF20853 10.5 1 PACK 40 1 US 1 PACK40164 13.8 1 PACK 20 4 US 1 PACK20448 110.4 6 PACK 40 10 S 2 PACK401057 98.4 6 
HWF 20 8 US 2 HWF20853 15.4 2 PACK 40 1 US 1 PACK40164 16.8 2 PACK 20 4 US 1 PACK20448 134.9 7 PACK 40 10 S 2 PACK401057 128.6 7 
HWF 20 8 US 2 HWF20853 25.8 3 PACK 40 1 US 1 PACK40164 24.4 3 PACK 20 4 US 1 PACK20451 7.9 0 PACK 40 10 S 2 PACK401066 5.7 0 
HWF 20 8 US 2 HWF20853 75.2 6 PACK 40 1 US 1 PACK40164 58.7 6 PACK 20 4 US 1 PACK20451 16.3 1 PACK 40 10 S 2 PACK401066 9.2 1 
HWF 20 8 US 2 HWF20853 97 7 PACK 40 1 US 1 PACK40164 70.8 7 PACK 20 4 US 1 PACK20451 27.8 2 PACK 40 10 S 2 PACK401066 15 2 
HWF 20 8 US 2 HWF20855 6.8 0 PACK 40 1 US 1 PACK40168 6.8 0 PACK 20 4 US 1 PACK20451 37.1 3 PACK 40 10 S 2 PACK401066 29.2 3 
HWF 20 8 US 2 HWF20855 13.8 1 PACK 40 1 US 1 PACK40168 16.8 1 PACK 20 4 US 1 PACK20451 170.4 6 PACK 40 10 S 2 PACK401066 79.9 6 
HWF 20 8 US 2 HWF20855 16.2 2 PACK 40 1 US 1 PACK40168 27.3 2 PACK 20 4 US 1 PACK20451 216 7 PACK 40 10 S 2 PACK401066 107.6 7 
HWF 20 8 US 2 HWF20855 25.9 3 PACK 40 1 US 1 PACK40168 43.6 3 PACK 20 4 US 1 PACK20455 6.7 0 PACK 40 10 S 2 PACK401068 4.2 0 
HWF 20 8 US 2 HWF20855 48.5 6 PACK 40 1 US 1 PACK40168 119.3 6 PACK 20 4 US 1 PACK20455 13 1 PACK 40 10 S 2 PACK401068 10 1 
HWF 20 8 US 2 HWF20855 56.5 7 PACK 40 1 US 1 PACK40168 141.9 7 PACK 20 4 US 1 PACK20455 20.2 2 PACK 40 10 S 2 PACK401068 21.4 2 
HWF 20 8 US 2 HWF20857 8.6 0 PACK 40 1 US 1 PACK40171 8.6 0 PACK 20 4 US 1 PACK20455 32.3 3 PACK 40 10 S 2 PACK401068 36.1 3 
HWF 20 8 US 2 HWF20857 13.6 1 PACK 40 1 US 1 PACK40171 15.4 1 PACK 20 4 US 1 PACK20455 75.6 6 PACK 40 10 S 2 PACK401068 83.5 6 
HWF 20 8 US 2 HWF20857 31.5 2 PACK 40 1 US 1 PACK40171 29.3 2 PACK 20 4 US 1 PACK20455 103 7 PACK 40 10 S 2 PACK401068 106.6 7 
HWF 20 8 US 2 HWF20857 46 3 PACK 40 1 US 1 PACK40171 50 3 PACK 20 4 US 1 PACK20457 8.5 0 PACK 40 10 S 2 PACK401073 3.5 0 
HWF 20 8 US 2 HWF20857 129.5 6 PACK 40 1 US 1 PACK40171 124.4 6 PACK 20 4 US 1 PACK20457 16.3 1 PACK 40 10 S 2 PACK401073 9.3 1 
HWF 20 8 US 2 HWF20857 161.5 7 PACK 40 1 US 1 PACK40171 147 7 PACK 20 4 US 1 PACK20457 25 2 PACK 40 10 S 2 PACK401073 15.8 2 
HWF 20 8 US 2 HWF20864 6.3 0 PACK 40 1 US 1 PACK40173 6.5 0 PACK 20 4 US 1 PACK20457 32.4 3 PACK 40 10 S 2 PACK401073 23.3 3 
HWF 20 8 US 2 HWF20864 11.5 1 PACK 40 1 US 1 PACK40173 13.2 1 PACK 20 4 US 1 PACK20457 67.5 6 PACK 40 10 S 2 PACK401073 50.2 6 
HWF 20 8 US 2 HWF20864 19.8 2 PACK 40 1 US 1 PACK40173 20.6 2 PACK 20 4 US 1 PACK20457 86.2 7 PACK 40 10 S 2 PACK401073 60.4 7 
HWF 20 8 US 2 HWF20864 40 3 PACK 40 1 US 1 PACK40173 32 3 PACK 20 4 US 1 PACK20459 5.5 0 PACK 40 10 S 2 PACK401077 6.7 0 
HWF 20 8 US 2 HWF20864 101.4 6 PACK 40 1 US 1 PACK40173 96 6 PACK 20 4 US 1 PACK20459 12.2 1 PACK 40 10 S 2 PACK401077 13 1 
HWF 20 8 US 2 HWF20864 113.4 7 PACK 40 1 US 1 PACK40173 122.1 7 PACK 20 4 US 1 PACK20459 23.4 2 PACK 40 10 S 2 PACK401077 24.6 2 
HWF 20 8 US 2 HWF20866 9 0 PACK 40 1 US 1 PACK40175 3.9 0 PACK 20 4 US 1 PACK20459 40.5 3 PACK 40 10 S 2 PACK401077 38.6 3 
HWF 20 8 US 2 HWF20866 13.3 1 PACK 40 1 US 1 PACK40175 11.1 1 PACK 20 4 US 1 PACK20459 115 6 PACK 40 10 S 2 PACK401077 79.8 6 
HWF 20 8 US 2 HWF20866 23.7 2 PACK 40 1 US 1 PACK40175 21.6 2 PACK 20 4 US 1 PACK20459 145 7 PACK 40 10 S 2 PACK401077 106.3 7 
HWF 20 8 US 2 HWF20866 39.9 3 PACK 40 1 US 1 PACK40175 24.3 3 PACK 20 4 US 1 PACK20462 6 0 PACK 40 10 S 2 PACK401079 9.9 0 
HWF 20 8 US 2 HWF20866 135.5 6 PACK 40 1 US 1 PACK40175 53 6 PACK 20 4 US 1 PACK20462 13.6 1 PACK 40 10 S 2 PACK401079 13.5 1 
HWF 20 8 US 2 HWF20866 157 7 PACK 40 1 US 1 PACK40175 63.3 7 PACK 20 4 US 1 PACK20462 30.2 2 PACK 40 10 S 2 PACK401079 26.2 2 
HWF 20 8 US 2 HWF20873 6.9 0 PACK 40 1 US 1 PACK40177 6.1 0 PACK 20 4 US 1 PACK20462 48.9 3 PACK 40 10 S 2 PACK401079 37.4 3 
HWF 20 8 US 2 HWF20873 12.5 1 PACK 40 1 US 1 PACK40177 13.9 1 PACK 20 4 US 1 PACK20462 162 6 PACK 40 10 S 2 PACK401079 93.2 6 
HWF 20 8 US 2 HWF20873 17 2 PACK 40 1 US 1 PACK40177 22.3 2 PACK 20 4 US 1 PACK20462 203 7 PACK 40 10 S 2 PACK401079 117.4 7 
HWF 20 8 US 2 HWF20873 29.6 3 PACK 40 1 US 1 PACK40177 35.8 3 PACK 20 4 US 1 PACK20466 4.1 0 PACK 40 10 S 2 PACK401082 5.2 0 
HWF 20 8 US 2 HWF20873 48.1 6 PACK 40 1 US 1 PACK40177 98.3 6 PACK 20 4 US 1 PACK20466 10.3 1 PACK 40 10 S 2 PACK401082 12.3 1 
HWF 20 8 US 2 HWF20873 58 7 PACK 40 1 US 1 PACK40177 126.3 7 PACK 20 4 US 1 PACK20466 21 2 PACK 40 10 S 2 PACK401082 18.4 2 
HWF 20 8 US 2 HWF20886 3.8 0 PACK 40 1 US 1 PACK40179 5 0 PACK 20 4 US 1 PACK20466 37.2 3 PACK 40 10 S 2 PACK401082 27.5 3 
HWF 20 8 US 2 HWF20886 9.8 1 PACK 40 1 US 1 PACK40179 12 1 PACK 20 4 US 1 PACK20466 82.8 6 PACK 40 10 S 2 PACK401082 43.4 6 
HWF 20 8 US 2 HWF20886 25.4 2 PACK 40 1 US 1 PACK40179 21.6 2 PACK 20 4 US 1 PACK20466 106.5 7 PACK 40 10 S 2 PACK401082 51.8 7 
HWF 20 8 US 2 HWF20886 32.8 3 PACK 40 1 US 1 PACK40179 37.2 3 PACK 20 4 US 1 PACK20468 5 0 PACK 40 10 S 2 PACK401084 6.7 0 
HWF 20 8 US 2 HWF20886 37.3 6 PACK 40 1 US 1 PACK40179 102.4 6 PACK 20 4 US 1 PACK20468 12.5 1 PACK 40 10 S 2 PACK401084 11.5 1 
HWF 20 8 US 2 HWF20886 43.5 7 PACK 40 1 US 1 PACK40179 130.4 7 PACK 20 4 US 1 PACK20468 21.5 2 PACK 40 10 S 2 PACK401084 18.5 2 
HWF 40 1 S 1 HWF40122 9.5 0 PACK 40 1 US 1 PACK40182 5 0 PACK 20 4 US 1 PACK20468 36.7 3 PACK 40 10 S 2 PACK401084 28.5 3 
HWF 40 1 S 1 HWF40122 14.2 1 PACK 40 1 US 1 PACK40182 11.7 1 PACK 20 4 US 1 PACK20468 104.8 6 PACK 40 10 S 2 PACK401084 53 6 
HWF 40 1 S 1 HWF40122 21.3 2 PACK 40 1 US 1 PACK40182 23.7 2 PACK 20 4 US 1 PACK20468 127 7 PACK 40 10 S 2 PACK401084 60.7 7 
HWF 40 1 S 1 HWF40122 37.5 3 PACK 40 1 US 1 PACK40182 39.8 3 PACK 20 4 US 1 PACK20471 4.6 0 PACK 40 10 S 2 PACK401086 5 0 
HWF 40 1 S 1 HWF40122 65.4 6 PACK 40 1 US 1 PACK40182 94.6 6 PACK 20 4 US 1 PACK20471 8.1 1 PACK 40 10 S 2 PACK401086 10.2 1 
HWF 40 1 S 1 HWF40122 71.3 7 PACK 40 1 US 1 PACK40182 117.7 7 PACK 20 4 US 1 PACK20471 20.4 2 PACK 40 10 S 2 PACK401086 13.1 2 
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HWF 40 1 S 1 HWF40157 6.8 0 PACK 40 1 US 1 PACK40184 6.4 0 PACK 20 4 US 1 PACK20471 50.2 3 PACK 40 10 S 2 PACK401086 18.4 3 
HWF 40 1 S 1 HWF40157 15.3 1 PACK 40 1 US 1 PACK40184 13.6 1 PACK 20 4 US 1 PACK20471 84 6 PACK 40 10 S 2 PACK401086 26.9 6 
HWF 40 1 S 1 HWF40157 23.9 2 PACK 40 1 US 1 PACK40184 21.3 2 PACK 20 4 US 1 PACK20471 93.5 7 PACK 40 10 S 2 PACK401086 31.2 7 
HWF 40 1 S 1 HWF40157 32.2 3 PACK 40 1 US 1 PACK40184 33.7 3 PACK 20 4 US 1 PACK20475 7.3 0 PACK 40 10 S 2 PACK401088 6.5 0 
HWF 40 1 S 1 HWF40157 77 6 PACK 40 1 US 1 PACK40184 75.6 6 PACK 20 4 US 1 PACK20475 12.4 1 PACK 40 10 S 2 PACK401088 8.1 1 
HWF 40 1 S 1 HWF40157 92 7 PACK 40 1 US 1 PACK40184 96 7 PACK 20 4 US 1 PACK20475 23.7 2 PACK 40 10 S 2 PACK401088 13.9 2 
HWF 40 1 S 1 HWF40168 6.3 0 PACK 40 1 US 1 PACK40186 5.7 0 PACK 20 4 US 1 PACK20475 48.5 3 PACK 40 10 S 2 PACK401088 23.1 3 
HWF 40 1 S 1 HWF40168 13.2 1 PACK 40 1 US 1 PACK40186 11.7 1 PACK 20 4 US 1 PACK20475 146.4 6 PACK 40 10 S 2 PACK401088 41.5 6 









PROC SORT DATA=ALL; 
BY SITE OVRSTY SUBPLOT; 
RUN; 
PROC REG DATA=ALL; 
MODEL HT = YEAR YEAR2 / SEQB; 




Appendix B: SAS software code and data – ANOVA using partial regression coefficients 
DATA RM2; 
INPUT SUBPLOT$ Site$ OVRSTY SP UNDRSTY$ Rep B0 B1 B2; 
CARDS; 
HWF204 HWF 20 4 S 1 48.968519 17.235145 1.755245 
HWF206 HWF 20 6 US 1 61.254938 23.149086 3.281232 
HWF207 HWF 20 7 S 2 49.372619 16.290282 1.636612 
HWF208 HWF 20 8 US 2 46.3625 14.837607 0.953321 
HWF401 HWF 40 1 S 1 34.520833 9.296888 0.42454 
HWF407 HWF 40 7 S 2 37.817708 11.350939 0.73837 
HWF4010 HWF 40 10 US 1 24.676389 5.627432 0.011153 
HWF4012 HWF 40 12 US 2 29.64 7.519107 0.136308 
PACK204 PACK 20 4 US 1 53.438889 18.694087 1.687624 
PACK207 PACK 20 7 S 1 59.6375 21.739378 2.097465 
PACK209 PACK 20 9 US 2 66.99359 25.644866 3.014572 
PACK2010 PACK 20 10 S 2 42.921296 13.822628 1.038779 
PACK401 PACK 40 1 US 1 33.431481 9.49485 0.498478 
PACK407 PACK 40 7 US 2 48.466026 16.993909 1.831566 
PACK408 PACK 40 8 S 1 62.983333 22.756101 2.246164 








BY SITE REP OVRSTY UNDRSTY; 
PROC MIXED; 
CLASS SITE REP OVRSTY UNDRSTY; 
MODEL B0 = SITE OVRSTY SITE*OVRSTY UNDRSTY SITE*UNDRSTY OVRSTY*UNDRSTY SITE*UNDRSTY*OVRSTY; 
RANDOM REP(SITE) REP(SITE*OVRSTY); 
ODS LISTING; 
lsmeans SITE ovrsty undrsty/pdiff; 
 ods output diffs=ppp lsmeans=mmm; 










BY SITE REP OVRSTY UNDRSTY; 
PROC MIXED; 
CLASS SITE REP OVRSTY UNDRSTY; 
MODEL B1 = SITE OVRSTY SITE*OVRSTY UNDRSTY SITE*UNDRSTY OVRSTY*UNDRSTY SITE*UNDRSTY*OVRSTY; 
RANDOM REP(SITE) REP(SITE*OVRSTY); 
ODS LISTING; 
lsmeans SITE ovrsty undrsty/pdiff; 
 ods output diffs=ppp lsmeans=mmm; 











BY SITE REP OVRSTY UNDRSTY; 
PROC MIXED; 
CLASS SITE REP OVRSTY UNDRSTY; 
MODEL B2 = SITE OVRSTY SITE*OVRSTY UNDRSTY SITE*UNDRSTY OVRSTY*UNDRSTY SITE*UNDRSTY*OVRSTY; 
RANDOM REP(SITE) REP(SITE*OVRSTY); 
ODS LISTING; 
lsmeans SITE ovrsty undrsty/pdiff; 
 ods output diffs=ppp lsmeans=mmm; 







Appendix C: SAS software code and data – ANOVA using 2019 seedling data 
DATA PS2019; 
INPUT ID$ Site$ OVRSTY SP UNDRSTY$ REP PercSurv AvgHT CumHT AvgDRC; 
CARDS; 
HWF204S1 HWF 20 4 S 1 58.33 123.96 2231.2 2.13 
HWF206US1 HWF 20 6 US 1 77.78 167.59 4525 3.15 
HWF207S2 HWF 20 7 S 2 41.67 119.64 1675 1.8 
HWF208US2 HWF 20 8 US 2 47.22 106.86 1709.8 1.81 
HWF401S1 HWF 40 1 S 1 11.11 72.05 288.2 1.12 
HWF407S2 HWF 40 7 S 2 50 84.18 1346.9 1.2 
HWF4010US1 HWF 40 10 US 1 36.11 46.91 562.9 0.62 
HWF4012US2 HWF 40 12 US 2 77.78 59.62 1490.4 0.8 
PACK204US1 PACK 20 4 US 1 77.78 132.18 3568.8 2.08 
PACK207S1 PACK 20 7 S 1 47.22 150.39 2406.3 1.88 
PACK209US2 PACK 20 9 US 2 44.44 175.82 2285.6 2.46 
PACK2010S2 PACK 20 10 S 2 52.78 100.27 1804.9 1.26 
PACK401US1 PACK 40 1 US 1 77.78 72.49 1957.1 1.08 
PACK407US2 PACK 40 7 US 2 72.22 121.61 3161.8 1.8 
PACK408S1 PACK 40 8 S 1 77.78 159.35 4461.7 2.2 








BY SITE REP OVRSTY UNDRSTY; 
PROC MIXED; 
CLASS SITE REP OVRSTY UNDRSTY; 
MODEL PERCSURV = SITE OVRSTY SITE*OVRSTY UNDRSTY SITE*UNDRSTY OVRSTY*UNDRSTY SITE*UNDRSTY*OVRSTY; 
RANDOM REP(SITE) REP(SITE*OVRSTY); 
ODS LISTING; 
lsmeans SITE ovrsty undrsty/pdiff; 
 ods output diffs=ppp lsmeans=mmm; 










BY SITE REP OVRSTY UNDRSTY; 
PROC MIXED; 
CLASS SITE REP OVRSTY UNDRSTY; 
MODEL avght = SITE OVRSTY SITE*OVRSTY UNDRSTY SITE*UNDRSTY OVRSTY*UNDRSTY SITE*UNDRSTY*OVRSTY; 
RANDOM REP(SITE) REP(SITE*OVRSTY); 
ODS LISTING; 
lsmeans SITE ovrsty undrsty/pdiff; 
 ods output diffs=ppp lsmeans=mmm; 











BY SITE REP OVRSTY UNDRSTY; 
PROC MIXED; 
CLASS SITE REP OVRSTY UNDRSTY; 
MODEL CUMHT = SITE OVRSTY SITE*OVRSTY UNDRSTY SITE*UNDRSTY OVRSTY*UNDRSTY SITE*UNDRSTY*OVRSTY; 
RANDOM REP(SITE) REP(SITE*OVRSTY); 
ODS LISTING; 
lsmeans SITE ovrsty undrsty/pdiff; 
 ods output diffs=ppp lsmeans=mmm; 










BY SITE REP OVRSTY UNDRSTY; 
PROC MIXED; 
CLASS SITE REP OVRSTY UNDRSTY; 
MODEL AVGDRC = SITE OVRSTY SITE*OVRSTY UNDRSTY SITE*UNDRSTY OVRSTY*UNDRSTY SITE*UNDRSTY*OVRSTY; 
RANDOM REP(SITE) REP(SITE*OVRSTY); 
ODS LISTING; 
lsmeans SITE ovrsty undrsty/pdiff; 
 ods output diffs=ppp lsmeans=mmm; 







Appendix D: SAS software code and data – ANOVA using cluster data 
DATA CL; 
INPUT CLUSTER$ Site$ OVRSTY SUBPLOT UNDRSTY$ REP PercSurv AvgHT CumHT BA_All_19 BA_WP_19 CWD_19 Moss_19 Grass_19 Forb_19 
Fern_19 Bberry_19 Rberry_19 Rubus_19 Shrub_19 Tree_19 TtlVeg_19 BA_WP_14 BA_All_14 Slash_13 Moss_13 Grass_13 Forb_13 Fern_13 
Rubus_13 Shrub_13 Tree_13 TtlVeg_13; 
CARDS; 
C HWF 20 4 S 1 58.33 123.96 2231.2 80 80 3 1 5 1 6 0 4 4 0 25 42 60 60 10.3 0.2 17.1 3.7 5.8 2.8 0 0.1 29.6 
C HWF 20 6 US 1 77.78 167.59 4525 80 80 10 1 1 2 2 0 39 39 0 10 55 100 100 14 0.1 2.3 1 0.9 1 0 0.8 6.1 
A HWF 20 7 S 2 41.67 119.64 1675 60 60 1 0 2 1 45 0 12 12 12 3 75 70 70 15.8 0.1 12.3 1.1 6.5 0.1 0.1 0.5 20.6 
A HWF 20 8 US 2 47.22 106.86 1709.8 60 60 15 1 0 1 30 0 28 28 0 5 65 80 80 17.4 0 3.1 0.8 15.4 0.3 0 0.2 19.8 
A HWF 40 7 S 2 50 84.18 1346.9 60 60 10 1 1 2 5 0 26 26 0 45 80 100 100 8.8 0.1 7.9 0.8 0 0 0 3.1 11.9 
B HWF 40 12 US 2 77.78 59.62 1490.4 100 70 2 1 1 1 10 1 19 20 0 15 48 80 100 23.3 0.6 4.9 2 0.4 1.4 0.3 5.7 15.3 
C PACK 20 4 US 1 77.78 132.18 3568.8 80 80 4 1 0 1 0 3 1 4 0 1 7 90 90 40 0.4 1.7 7.7 0.6 6.7 0.3 0.3 17.6 
A PACK 20 7 S 1 47.22 150.39 2406.3 70 70 7 1 0 13 0 10 19 29 0 13 56 60 60 41.1 0.8 5.5 14.3 0.7 8.9 0.3 2.9 33.3 
A PACK 20 9 US 2 44.44 175.82 2285.6 110 110 1 1 3 5 0 8 6 14 0 4 27 100 100 32.9 1 3.1 14.3 22.7 8.9 1.5 2.1 53.4 
A PACK 20 10 S 2 52.78 100.27 1804.9 80 80 1 1 2 8 30 2 2 4 1 12 58 70 70 39.3 1 3.4 15.5 22.8 5.7 1.5 6.5 56.4 
B PACK 40 1 US 1 77.78 72.49 1957.1 210 160 2 1 0 4 0 0 0 0 0 75 80 120 180 32.6 2.7 0.1 6.9 0 0.8 0.4 1.8 12.7 
C PACK 40 7 US 2 72.22 121.61 3161.8 150 150 3 1 5 4 3 1 5 6 2 5 26 130 130 40.4 1.4 0.8 4.9 0 0.3 0 0.7 8.2 
C PACK 40 8 S 1 77.78 159.35 4461.7 160 150 4 1 5 1 0 6 2 8 0 7 22 140 140 40.4 0.8 2.2 3.3 0 3.1 0 0.8 10.1 














PROC MEANS MEAN N STDERR; 









MODEL PERCSURV = CLUSTER; 
MEANS CLUSTER / duncan lines alpha=0.1; 
RUN; 
 





MODEL AVGHT = CLUSTER; 
MEANS CLUSTER / duncan lines alpha=0.1; 
RUN;  
 








MODEL CUMHT = CLUSTER; 










MODEL BA_ALL_19 = CLUSTER; 










MODEL BA_WP_19 = CLUSTER; 










MODEL CWD_19 = CLUSTER; 










MODEL Moss_19 = CLUSTER; 










MODEL Grass_19 = CLUSTER; 











MODEL Forb_19 = CLUSTER; 










MODEL Fern_19 = CLUSTER; 










MODEL Bberry_19 = CLUSTER; 










MODEL Rberry_19 = CLUSTER; 










MODEL Rubus_19 = CLUSTER; 










MODEL Shrub_19 = CLUSTER; 











MODEL Tree_19 = CLUSTER; 










MODEL TtlVeg_19 = CLUSTER; 










MODEL BA_ALL_14 = CLUSTER; 










MODEL BA_WP_14 = CLUSTER; 










MODEL Slash_13 = CLUSTER; 










MODEL Moss_13 = CLUSTER; 











MODEL Grass_13 = CLUSTER; 










MODEL Forb_13 = CLUSTER; 










MODEL Fern_13 = CLUSTER; 










MODEL Rubus_13 = CLUSTER; 










MODEL Shrub_13 = CLUSTER; 










MODEL Tree_13 = CLUSTER; 











MODEL TtlVeg_13 = CLUSTER; 
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